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Perhaps you judge cinder-pot service by the number of 
~*~ trips to the slag dump—That's one place Johnston Cinder 
Pots have established service records. 

Your disposal system may require a fast turn-around 
cycle—a specification made to order for Johnston Cinder 
Pots with their patented flexible sidewall construction 
which speeds-up dumping. 

Bur there’s one other esserial fact you should know... 


Johnston Cinder Pots have reduced slag-handling 
costs in every blast-furnace and open-hearth opere- 
tion to which they have been cpplied. 

We're ready to show you bow, where and why. 


PITTSBURGH & MIDLAND, PA. 


These 
Pes 
MACKINTOSH-HEMPHUL PRODUCTS INCLUDE: offs steel 
end-thrust beorings ... levellers, 
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these account for the Superior 


CHROMEX B—on extremely 
hard fired chrome-magnesite 
refractory having unusual con- 
stancy of volume and strength 
at high temperatures. 


METALKASE — the pioneer 
metal encased basic brick pos- 

ing an unusual combination 
sirable properties. 


CHROMEX —« chemically 
bonded chrome-magnesite brick 
having excellent spoiling resist- 
ance. 


GNEX —o chemically 
bogged magnesite-chrome brick 


—Wighly basic and of low spoll- 
ing tendency 


THERMAG — oa hard 
burned magnesite- 
chrome refractory pos- 
sessing enhanced physi- 
cal properties. 


more than half a century. 


H-W MAGNESITE — the 
standard burned magnesite re- 
fractory in the steel industry for 


FORSTERITE— the only com- 
mercially produced magnesium- 
silicate brick — suited for certain 
particular applications. 


H-W CHROME — o herd 
burned chrome brick especially 
edapted for various specific uses. 


H-W PERIKLASE—on ox- 
ceptional high-magnesia brick 
of unusual high-temperature 
Stability. 
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HARBISON-WALKER 
basic’ REFRACTORIES 


Ever since the introduction of the basic process for 
making open-hearth steel, Harbison-Walker has led 
in the development and manufacture of basic re- 
fractories. Some of these products are listed here. 

The superior performance of Harbison-Walker 
basic refractories is the result of: (1) a thorough 
knowledge of the requirements of the basic process, 
gained through close cooperation with steel pro- 
ducers; (2) extensive and continuous original research 
conducted by the Harbison-Walker Research De- 
partment; and (3) top quality raw materials 
processed in modern plants under close laboratory 
control. Harbison-Walker uses the most up-to-date 
methods and equipment to insure the quality and 
uniformity of basic refractories. 


Above) This modern brick pressing machine at the 

new Baltimore, Maryland plant is typical of the 
most effective equipment used in the manufacture 
of Harbison-Walker products. 


(Left Harbison-Walker research studies of com- 
positions and manufacture of basic refractories and 
their performance under operating conditions are 
augmented with X-ray equipment. 


(Right) The dependable uniformity of Harbison- 
Walker products is assured by the use of the most 
accurate instrument-controlled equipment. Tunnel 
kiln cars leaving dryers for kiln. 


OTHER 
HARBISON-WALKER 
BASIC REFRACTORIES H-W Magnamix h-W Specia! Furnace Chrome 


'H-w Washington Dead Burned Magnesite Grains Plastic Thermolith Batch 
H-W Washington Furnace Magnesit Thermolith and Other Cements 


HARBISON-WALKER REFRACTORIES COMPANY 


AND SUBSIDIARIES 
World's Largest Producer of Refractories 
GENERAL OFFICES * PITTSBURGH 22, PA. 
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... dense, firm, structure 
like INTERNATIONAL GRAPHITE ELECTRODES 


INTERNATIONAL 


CORP. 


A SPEER CARBON COMPANY SUBSIDIARY 


ST. MARYS, PENNSYLVANIA 
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EXCEPTIONAL RESOLUTION IN X-RAY DIFFRACTION 


the new Or ele O wide range 
HIGH and LOW ANGLE GONIOMETER 


e After several years of intensive investigation and 
development by an experienced research team at 
Philips Laboratories, the North American Philips 
Company proudly announces availability of the 
wide range Goniometer — key component of 

the new and improved NoreLco Geiger 

Counter X-ray Spectrometer. 


Used conjunctively with the four window NORELCO 
Diffraction Unit and Electronic Circuit Panel, 
the new vertical scanning Goniometer may be 

employed singly, or operated simultaneously 
with another Goniometer from a single X-ray tube 
at the same time that cameras are functioning. 


This efficient use of a single tube for multiple 
operations is an outstanding feature of NORELCO 
apparatus and an indisputable factor 

in economical operation. 


The Goniometer — equipped with a special 
volume sensitive X-ray Geiger Counter — is a 
high-precision, direct reading instrument with 
an unusually /arge scanning range extending 
through the primary beam (— 38° to +- 165° 26). 
Unit is equipped with selective scanning 
(unidirectional or oscillatory) for 
accurate quantitative analysis. 


A new presentation folder describing this 
instrument is yours without obligation. 
Packed with performance data, 

it also contains powder patterns of 
crystalline substances — in chart form — 
clear evidence of the instrument's high 
calibre performance. 


/ 


NORTH AMERICAN 


compan Foremost in Pray frrogress since 1896 
NORTH AMERICAN PHILIPS company, Inc. 


RESEARCH and CONTROL INSTRUMENTS DIVISION % DEPT. 1G-4, 750 S. FULTON AVENUE, MT. VERNON, N. Y. 


IN CANADA: Philips Industries Ltd. 1203 Philips Squore, Montreal 7 EXPORT REPRESENTATIVE: Philips Export Corporation, 750 South Fulton Avenue, Mt. Vernon, N. Y, 
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A PARTNERSHIP 


165 WEST WACKER DRIVE 


METALLURGICAL 
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j Fanged with magnetic closure to 
heating units of 600 watt 
THE BUEHLER LINE OF SPECIMEN PREPARATION EQUIPMENT INCLUDES . . . CUT-OFF MACHINES © SPECIMEN 
AND POLISHERS © POLISHING CLOTHS © POLISHING ABRASIVES, = 


contribute to STEEL MILL 
SAFETY 


MECHANICAL VALVES 


Noted for their dependable operation under 
all conditions, Bailey Mechanical Goggle 
Valves provide a tight, positive seal for shut- 
ting off gas mains in emergencies or for re- 
pairs. Requiring a minimum of maintenance, 
they operate by a powerful clamping force 
which is applied equally at all points around 
the disc periphery. Regardless of time 
between operations, they open or close 
instantly. Sizes from 6” to 72", totally en- 
closed if desired. 


THERMAL VALVES 


Operated by the lineal expansion and con- 
traction of three sets of tubes spaced around 
a rigid steel flange, the Bailey Thermal Valve 
is always safe, dependable and ready. When 
steam is passed through the tubes, thermal 
expansion creates a powerful force that in- 
stantly frees the goggle plate and permits 
valve operation. When the steam is removed, 
contraction closes the flanges against the 
plate, forming a tight seal. Can be operated 
by hand in case of steam failure. 


CLAY GUN 


Powerful electric drive provides the piston 
pressure necessary to maintain long and 
uniform tapping holes. Special Bailey Lever 
Action forces the nose of the gun into posi- 
tion with positive accuracy. Piston is driven 
by an electric motor through reducing gears. 
The Bailey Clay Gun is dependable and safe. 
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BLAST FURNACE | 
COPPER CASTINGS 


Bosh Plates 
Mantle Plates 
Cinder Notches 
Tuyeres 
Tuyere Coolers 
Hot Blast Valves 
and Valve Seats 


SMEETH-HARWOOD COMPANY 


2401-09 West Cermak Road, Chicago 8, Illinois 
Superior Blast Furnace Copper Castings Exdusively 
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A Digest of the Production, Properties, and Uses of Steels and Other Metals 


Published by Electro Metallurgical Company. a Division of Union Carbide and Carbon Corporation, 30 East 
42nd Street, New York 17, N. Y.-In Canada: Electro Metallurgical Company of Canada, Limited. Welland, Ontario 


ing effect. Silicon tends to soften cast iron, 


SILICON . . . Deoxidizes, Increases Strength, | 


viding a control over depth of chill and 
hysical properties. In larger amounts, 
of an im roves ectrica 10 erties of Metals sometimes as much as 14 per cent, silicon 
makes cast iron suitable for handling highly 
u corrosive acids in chemical plants. 
c | spring steels contain about 2 per cent silicon. 
Another application of silicon as an alloy- Improves Non-Ferrous Alloys 
Silicon is one of the most important ele- |; inl 
ments used in the iron, steel, and non- ing Silicon is used in non-ferrous alloys to 
ferrous industries. It is an efficient low-cost th vgn y increases the pr precede increase strength and hardness, and to im- 
deoxidizer; and in larger amounts, it is also h to certain prove other physical properties. In various 
an effective alloying element. and to high-temperature oxidation. aluminum alloys, as much as 18 per cent 
silicon may be used. Copper alloys, too 
Efficient Deoxidizer frequently contain silicon: for example, the 
Silicon increases the magnetic perme silicon bronzes. 
ability of steel. Hence! silicon steel is spe- 
aie cially suited for use as a “core” material in Evectromert Alloys 
economica means of effectively aminat- electrical generators, motors, transformers, 
ing oxides from the molten bath in all ee ae: aoa ° Silicon is produced by Evecrromer in 
electromagnets, and other electrical equip- ‘tab 
steel-making processes. Amounts up to ment. Because silicon deceusess magnetic the forms listed below, which are suitable 
about 0.80 per cent silicon are used for de- resistance, silicon steels show much lower for every wee of the ison, steel, and mow 
oxidizing various steels used for forgings, om ferrous metal industry. For a complete de- 
wrought products, and castings. scription of these alloys, write to the ad- 
Recent published research papers, cover mendous overall covings exe effected tn the dress above for a copy of the 100-page 
ing work done in Erecrromet’s labora- booklet, “Erecrromet Ferro-Alloys and 
: ies, have added greatly generation, transmission, and’ use of elec” | Metals.” This booklet describes over 50 
tories, have added greatly to the knowledge trical power Up to 5 per cent silicon is letals. Is boo! escribes over 
about the deoxidizing power of silicon by used im sheet steel for Bonds os aaiee. metals and alloys produced by Erecrro- 
itself, and also in conjunction with other —— mer and tells of the unique technical serv- 
elements. Complete information is given in Benefits Cast Iron ice offered to the metal industries. 
a report entitled ‘Solubility of Oxygen in In cast iron, silicon not only serves as a The terms “Electromet,” “EM,” and “SMZ” are 
Liquid Iron Containing Silicon and Man- deoxidizer but also has a marked graphitiz- trade-marks of Union Carbide and Carbon 
ganese.” If you would like a copy of this a eumeans 
report, free of charge, write to the address 
above. Alloys of Silicon and Their Uses 
Improves Physical Properties 
7 ; 15% Ferrosilicon In ground form, this alloy is used in the ‘‘sink and float” 
W hen used as an alloying element, sili ee process of concentrating ores 
con in small percentages will increase the 50% Ferrosilicon Widely used as a deoxidizer; as a furnace block; and for 
tensile strength, yield and ductility to = in the production of 
of structural steels, such as those used for | 
highly stressed part f b ~s Some 5°% Ferrosili Used mainly in the production of electrical sheet steel. 
ridge 6 errosilicon | (Available in low-aluminum grade only.) 
¢ 7 ili | Used both as a deoxidizer and for alloying purposes in the 
: x 80 7 r T = 5% Ferrosilicon } production of steel, particularly steel poe A am high per- 
4 4 | | } | centages of silicon. Also used for ladle additions to cast 
= ron 
4 
S 85%, Ferrosilicon Used for same general purposes as 75% ferrosilicon. Permits 
a bad large stheon addituons without harm chilling effects. 
4 
ili Used for same general purposes as 75% and 85% ferro- 
© 9% Ferrosilicon a. Permits large silicon additions without harmful chill- 
ing effects. 
on 
8 | Silicon Metal For use in the non-ferrous industry, particularly in the 
4 . 3 manufacture of aluminum and copper alloys. Also used to 
d produce the organo-silicon compounds known as silicones. 
5 Purified Silicon Metal For special applications requiring silicon metal of the 
greatest purity. 
=o , ae For ladle additions in the production of cast iron. Exerts 
3 “SMZ Alloy strong graphitizing effect. 
3 
| Z ° os 12 16 20 “ELECTROMET” Special Graphitizer For ladle additions in the production of cast iron 
PER CENT SILICON 
“EM” Silicon Briquets For adding silicon to cast iron in the cupola or air furnace. 7 
I fhect of silicon on tensile strength 
and yield point of a steel containing Silicomanganese «4 adding silicon and manganese simultaneously in steel - 
approximately 0.10 per cent carbon. 
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LET’S LOOK AT THE RECORD... 
Olive Hill Blast Furnace Brick 


1. Have been acknowledged the 
world’s foremost blast furnace brick 
for more than 50 years. 


2. Have lined furnaces which pro- 
duced over half of all the iron in 
the U.S. to date. 


3. Hold the world’s record for 
service below the mantle—14 years, 
11 months, 2 days of almost con- 
tinuous operation. This OLIVE 
HILL bottom produced 5,823,951 
net tons of iron in a 284% foot 


furnace—over 2,000,000 tons more 
than that ever produced by any 
other bottom. 


4. Had but a 65-ton salamander in 
a 16-foot furnace after a 9-year 
campaign of well over 2,000,000 tons. 


5. Have lined more blast furnaces 
than any other brand. In this 
country alone, OLIVE HILL brick 
have lined furnaces which have pro- 
duced more than 1,000,000,000 net 
tons of iron. 


GENERAL REFRACTORIES COMPANY 
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Olive Hill Hi-Fired Blast Furnace Brick 


Give you all these PLUS values over 
any regular blast furnace brick—at 
somewhat higher cosi. 


Fired in specially-designed tunnel! kilns 
{minimum cone 18) to insure perfect uniformity. 


Virtually immune to carbon disintegration. 

Lower porosity, higher density. 

Better volume stability. 

Exceptional load-carrying ability. 

Greater resistance to slag and alkali attack. 

Higher mechanical strength and resistance to abrasion. 
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MI ror HIGHER 


EMERGENCY PRODUCTION 


For Speed, Accuracy and Convenience in METALLOGRAPHY 


RESEARCH METALLOGRAPH—See it . . . photograph 
it. . . four ways! Four different accurate images of the same 
sample, for more complete identification. Exclusive, pat- 
ented B&L features permit critical work with bright field, 
dark field or polarized light . . . with quick, easy change- 
over. For phase contrast work B&L accessories are simply, 
speedily attached. The “maximum use” instrument for 
visual observation and photomicrography. Catalog E-240. 


For Ease, Speed and 
Adaptability in 
PHOTOMICROGRAPHY 


PHOTOMICROGRAPHIC 
EQUIPMENT MODEL L...A 
compact photomicrographic de- 
partment! With proper accesso- 
ries this one unit quickly and 
efhciently meets all your 
requirements in visual micro- 
scopy, high and low power photo- 
micrography, as well as photo- 
copying. Catalog E-210. 


For Convenience and Top Image Quality 
in MICROSCOPY 


CM METALLURGICAL MICRO- 
SCOPE—Large focusing stage, 
space for convenient manipulation. 
Used extensively for examina- 

tion of opaque objects, polished 
metal specimens and similar 

materials. Catalog E-223. Tri- 

Vert Illuminator, available at 

additional cost, provides bright 
field, dark field, or 
polarized light. 
Catalog D-108, 


STEREOSCOPIC WIDE FIELD 
MICROSCOPES—The finest op- 
tics ever produced for wide field 
work! Clear, sharp three-dimen- 
sional images . . . invaluable in 
preparation of ape pee metal 
specimens. Study of tractures, 
porosity, macro-etched specimens 
and other low power 
metallurgical studies. 

Catalog D-15. 


NEW! BALPHOT METALLOGRAPH—A// new design! 
The economy of limited capacity instruments, with bright 
field, dark field or polarized light and phase contrast . . . 
and many other performance advantages of the highest- 
priced metallographs. Quick-action stage elevating device 
eliminates coarse adjustment. New Magna-Viewer projects 
bright, magnified screen images . . . ideal for grain size 
determinations and group viewing. Catalog E-232. 


WRITE for complete information to Bausch & Lomb 
Optical Co., 787-4 St. Paul St., Rochester 2, N. Y. 


\¥/ Bausch & Lomb Equipment 
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BLOOM 


The correct balancing of the many factors that 
affect furnace efficiency and economy is a matter 
of experience and skill. Bloom engineers under- 
stand the relationship between such factors as 
type and design of furnace, locations of burners, 
kind of fuel, speed of loading—and other con- 
siderations that enter into satisfactory furnace 


FOR FLEXIBILITY AND EFFICIENCY 


THE TEMPERED FLAME BURNER 
TEMPERED FLAME 


more from your 
m your fuel! It 
flexibility because 


With the 


as 2450°F. can be 
maintained without 
difficulty. The Tempered Flame 
Burner will light at full capacity, and 
will burn as long as it has fuel. 
Desired temperatures can be readily maintained uni- 
formly throughout the furnace chamber. Faster heating is 
accomplished because cold spots are eliminated. 


FOR FAST PRECISION HEATING 


THE HTR BURNER 


Recommended for use where quick 
heating and intense concentration of 
heat are desired, the Bloom High 
Thermal Release Burner will release 
up to 750,000 Btu per cubic foot of 
combustion volume. A turndown 
ratio of greater than 10 to 1 permits 
low input for holding purposes. With this burner, thin 
sheets can be heated without scale, and forgings can be 
heated with little or no scale, in a fraction of the time 
ordinarily required. 


THE BLOOM-PAULSEN-STEINBART 


BLAST FURNACE STOVE BURNER 


Provides proper combustion condi- 
tion to develop correct temperature 
distribution for maximum stove heat- 
ing capacity. 
Patented arrange- 
ment of air distribu- 
tion vanes make 
possible the con- 


FOR FURNACE ECONOMY AND EFFICIENCY — 


COMBUSTION EQUIPMENT 


performance. 

Some of the items of equipment designed and 
manufactured by Bloom Engineering are shown 
and described on these pages. The correct ap- 
plication of these products is an important part 
of our service. 


FOR REDUCING HEAT LOSSES IN UNDERFIRED FURNACES 


Bloom Ka-Weld Precast, Reinforced 
Pipe Insulation, applied to water- 
cooled skid pipes, risers and cross- 
overs, reduces the heat loss to the 
cooling water by as much as 82% 
at 2400°F. furnace temperature. Steel 
is heated more uniformly top and 
bottom, skid marks are practically 
eliminated, there is less slag. Con- 
sists of high grade refractory ma- 
terial, precast in convenient lengths 
and reinforced by a mesh of alloy 
steel. Easy to install and durable. 


FOR ACCURATF REGULATION OF LIQUID FUEL FLOW 


CONSTANT-FLOW VALVE © 


Assures uniform liquid flow, regard- 
less of fluctuations of pressure. With 
the ordinary control valve, variations 
in pressure cause variations in flow. 
But with the Bloom Constant Flow 
Valve, a uniform flow of fuel is as- 
sured at all settings. 


Top—Precast lower half 
section is held in ploce by 
welding exposed reinforc- 
ing alloy wire mesh. Mid- 
die—Top half similarly 
applied. Bottom—Com- 
pleted covering. 


Other BLOOM Products include ... 


® Long Flame Gas and Oil Burners 


struction of a com- 
pact burner unit. 
Correct measurement of air and gas 
flows is provided by an unusual burner ri 
construction. 


Hot Air Burners 

® Nozzle Mix Burners 

@ Row Producer Gas Burners 

© Steam-Oil Pressure Ratio Regulator 
Low Btu Gas Burners 
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BLOOM 
ENGINEERING CO., INC. Siege 
W. North Avenve Pittsburgh 33, Pa. 
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HOT TOPS 


Certainly your objective is to 

top your hitherto highest pro- 

duction of sound killed steel 

and to reduce your costs. 

C & D Hot Top for “an . é Just as certainly, that calls for 
round fluted mold. _ii_————— hot-topping your ingots with 
2 oe. C & D Hot Tops. They afford 


more perfect, usable steel per 
dollar invested because they 
and they alone offer you a total 
of five great advantages illustra- 
ted below. To get the complete 
story, write for Bulletin B-4. 
= 


Removable Renewable Re-usable 


C & DHot Tops are removed f 
of Tho 1208 Hanna Building + Cleveland 15, Ohio 
Soviété d ‘Exploitation de Procedés 
Metallurgiques, Paris, France 


Exclusive Licensees for France. 
Jgium, Luxembourg 


¢ & D HOT TOPS 
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ELECTRICAL MECHANICAL 


ENGINEERS 


METALLURGISTS, PHYSICISTS and CHEMISTS 


You're on the main line to the top 
when you work at Westinghouse 


UNLIMITED OPPORTUNITIES 
IN DESIGN, RESEARCH, APPLICATION, DEVELOPMENT 


INVESTIGATE 
IMMEDIATELY! 


*Engineers fill 16 of the 29 top executive spots 
in Westinghouse. Hundreds of engineers hold 
high-level staff and supervisory positions. Your 
opportunity to advance is practically unlimited 
at Westinghouse. 

*Right now Westinghouse is building seven 
new plants. These are not temporary jobs. Nearly 
all of the engineers and scientists who joined us 
in World War II are still with us, and in the past 
10 years our total employment has almost doubled. 

*At Westinghouse you will participate in the 
nation’s defense effort. In 1951 a large part of all 
Westinghouse production will be to satisfy the 
nation’s military needs. 


THIS MAY BE YOUR OPPORTUNITY TO 
MOVE AHEAD IN THE CAREER OF YOUR 
CHOICE . . . MANY SUPERVISORY POSTS 
IN NEW PLANTS AND DIVISICNS WILL IIE 
FILLED FROM OUR ENGINEERING STAFF! 
INVESTIGATE! 


Minimum Experience Required—2 years. . 
but some of these openings call for top-flight 
men with more experience. 


Salaries — Determined individually on the basis 
of the experience and ability of the applicant. 


Location—There are openings for engineers, 
metallurgists, physicists, and chemists at most 
of Westinghouse’s 36 plants. For example: You'll 
find opportunities to do jet engine work at 
Kansas City, Missouri and South Philadelphia, 
Pa. ...in Ordnance manufacturing at Sunnyvale, 
California and Sharon, Pa. . . . on atomic power 
projects in Pittsburgh, Pa. . . . in radar and 
electronics at Baltimore, Md... . in aircraft 
equipment and fractional horsepower motors at 
Lima, Ohio. . . and in commercial and airport 
lighting at Cleveland, Ohio . . . and in power 
producing equipment to speed the production 
lines of America. And all of these activities have 
a definite and established peacetime application. 


WESTINGHOUSE OFFERS YOU 
IN ADDITION TO GOOD PAY 


—Help in finding suitable housing 

—Low cost life, sickness and accident insurance 
with hospital and surgical benefits. 

—Modern pension plan 

—Opportunity to acquire Westinghouse stock at 
favorable prices 

—Privilege of buying Westinghouse appliances 
at employe discount 


Investigate Westinghouse today . . . write Mr. R. P. Meily, 
Westinghouse Electric Corporation, 306 Fourth Ave., 


Pittsburgh 30, Pa. 
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PROFESSIONAL SERVICES 


Limited to AIME members, or to com- 

panies that have at least one AIME 

member on their staffs. Rates $40 per 
year per inch. 


ENGINEERS 
CONSULTANTS 
METALLURGISTS 


Small Jobs Welcomed 


SAM TOUR & CO., INC. 
Laboratories and offices 
44 Trinity Place, New York 6, N. Y 


Testing—Certifying 
American Standards 
Testing Bureau, Inc 


MAX STERN 
Consulting Engineer 


150 Broadway New York 7, N. Y. 


LEWIS B. LINDEMUTH 
Canseliung 


140 CEDAR STREET YORK Y 


STEEL PRODUCTION 


Frank B. Foster, Inc. 


INDUSTRIAL PLANTS 


ROLLING MILLS 


2217 Oliver Building 
Pittsburgh 22, Pennsylvania 


R. S. DEAN LABORATORIES, INC 


Consulting, Research Development 
Chemistry, Electrochemistry, & Metal- 
lurgy Laboratory Research on a 

Contract Basis 


5810—47TH AVENUE 
RIVERDALE, MD 


AP. 2821 
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New 
Detroit, 
Chicago 


York 18; 
San Francisco; 
1 


POSITIONS OPEN 


Plant Engineer, 30 to 45, mechanical 
or mining graduate, who has had some 
experience in open pit mining and 
flotation. Should have knowledge of 


driers, rotary filters and dewatering 
equipment. Salary, $6000 to $8000 a 
year plus living quarters Location, 


Florida. Y5069 


Metallurgist for new nonferrous 
smelter in Chicago area. Write stating 
full particulars. Y5057C. 


Production Engineer, 30 to 40, with 
3 to 5 years’ experience in production 
of metal stampings and light machin- 
ery for small manufacturing plant. 
Must be able to accept management 
responsibilities. Salary open. Location, 
northern New Jersey. Y5043. 


Metallurgical Engineer, not over 45, 
B.S. degree desirable, with nonferrous 
experience, bearing materials prefer- 
able. Draft exempt. Salary, $4200 a 
year. Location, Michigan. Y5009D. 


Metallurgist and Chemists. Metal- 
lurgist (physical) with experience or 
graduate studies in diffusion at high 
temperature, the determination of the 
effect of high temperature on metals 


and alloys and the development of 
materials for high temperature serv- 
ice, for laboratory investigations in 


connection with the development of 
various metals and alloys. Y4993(a). 


Metaliurgist, experienced in phys- 
ical and process ferrous metallurgy, 
to engage in contact and development 
work regarding alloy steels. Location, 
Pittsburgh. Y4981. 


Superintendent, to take charge of a 


mine and mill at copper, silver and 
gold propert:. Salary open. Location, 
Montana. Y4975. 


Instrument Engineer, with at least 


5 years’ experience covering mainte- 
nance and application of recording 
meters, gages and controls to be re- 
sponsible to chief plant engineer of 
metallurgical mill. Salary, $7800 to 
$8400 a year. Location, Chile. Y4902. 


Metallurgist, graduate, with 6 or 8 
experience in laboratory inves- 
beneficiation and 


vears’ 
tigations 


covering 


reduction of nonferrous ores, includ- 
ing flotation, testing, roasting, smelt- 
ing, hydro-metallurgy, gas measure- 
ment and analyses. Actual plant or 
pilot plant experience desirable. Sal- 
ary open. Location, Texas. Y4886. 

Chemical Engineer, with 3 to 5 
years’ experience in metal process or 
explosive handling for research de- 
partment. General laboratory or plant 
development experience essential. Sal- 
ary, $4000 to $4500 a year. Y4875(a). 

Engineers. (a) Chief Engineer, grad- 
uate mechanical, experienced in large 
metallurgical or other process indus- 
try plant. Should have chemical engi- 
neering and/or metallurgical back- 
ground, for the supervision of rehabil- 
itation and operation of engineering 
and maintenance departments; steam 
and power plant and other utilities; 
design, purchasing and erection of new 
process equipment. Spanish desirable. 
Salary, $12,000 a year plus living quar- 
ters. (b) Plant Metallurgist, Master's 
degree in metallurgy or chemistry and 
experience in metallurgical, preferably 
hydro-metallurgical, plant or in large 
chemical process plant. Duties will in- 
clude production planning, process 
control, metallurgical accounting. Sal- 
ary, $9000 to $10,000 a year. (c) Chief 
Chemist, Master's degree in chemistry, 
with some experience in analytical 
chemistry, preferably in inorganic 
chemical or metallurgical plant. 
Knowledge of modern analytical tech- 
niques, spectrography, etc. Duties will 
include supervision of control labora- 
tory and plant sampling. Salary, $7200 
a year. Location, foreign. Y4862. 


Analyst or Assistant Analyst, 25 to 
35, for sales promotion and commer- 
cial research covering byproduct coke 
chemicals. Some traveling. Salary 
open. Western Pennsylvania. Y4842 


Chemical Engineer, with knowledge 
of preparation of light metal powder 
components. Background or experience 
should be in the chemistry of high 
molecular weight organic compounds, 
handling and safety precaution at- 
tendant with rapid oxidizing mate- 
rials and knowledge of thermodynam- 
ics. Salary, $5400 to $6000 a year. 
Location, Detroit. D6674. 


MEN AVAILABLE 


Research Metallurgist, young, mar- 
ried, D. Eng. and M. Eng., degrees in 
Metallurgy; 4 years’ teaching experi- 
ence (graduate level) as well as aca- 
demic and industrial research experi- 
ence (large research institutes and in- 
dustries resp.), specializing in mechan- 
ical metallurgy, crystal plasticity, 
X-ray diffraction and metal physics. 
Presently residing in India, due to 
arrive in USA end of October 1951. 


Metallurgist, 26, married, one child, 
veteran. B.S. degree in metallurgy. 
Four years’ experience development 
and research, heat and corrosion re- 
sistant alloys. One year graduate study 
in metallurgy. Prefer western Penn- 
sylvania district. M-616. 
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Wilputte Coke Oven Div., Allied 
Chemical & Dye Corp., will design, 
furnish and erect two coke oven bat- 
teries of 87 ovens each at the Fairless 
Works of U.S. Steel Co. The ovens 
will have a combined annual capacity 
of 916,000 net tons of coke, as well as 
large quantities of gas and chemicals. 
Blast furnace gas may be used in the 
future to underfire the ovens. 


Harper Electric Furnace Corp., manu- 
facturers of industrial electric fur- 
naces and kilns, has moved its offices 
and plant from Niagara Falls to 39 
River St., Buffalo 2, N. Y. Production 
facilities are set up for one floor con- 
tinuous flow manufacturing. 


Synchro-Start Products, Ine. is build- 
ing a new factory in Skokie, IIL, to 
meet the increased demand for auto- 
matically controlled engines, and in 
compliance with Governmental recom- 
mendations for decentralization of 
critical industries. 


U.S. Steel Co. has merged Pittsburgh 
Limestone Corp. with Michigan Lime- 
stone & Chemical Co., to form a single 
operating subsidiary, retaining the 
name of the latter. 


Detroit Steel Co. will double its ingot 
capacity by expanding the Portsmouth 
plant. A second blast furnace will 
boost ingot capacity to 1,290,000 tons 
a year. Finishing capacity, after the 
addition of four 250-ton open hearth 
furnaces, a blooming mill, 54-in. hot 
strip mill, and 54-in. cold rolled sheet 
mill, will be increased from 180,000 to 
1,000,000 tons a year 


The first continuous rolling mill for 
magnesium metal is being built by 
United Engineering & Foundry Co., 
Pittsburgh, for the Madison, Ill. plant 
of Dow Chemical Co. Slabs of 2000 Ib, 
five to ten times as large as hand-mill 
slabs, will be processed. 


Carpenter Steel Co., Reading, Pa., will 
construct a new hot-rolling mill that 
will be a combination strip, bar, and 
rod mill, designed for maximum flexi- 
bility. 


Rhodesian Vanadium Corp., a sub- 
sidiary of Vanadium Corp. of America, 
has purchased properties in Southern 
Rhodesia which will multiply the 
company’s chrome ore reserves and 
provide almost all of its chrome ore 
requirements. In addition, the com- 
pany will use the process of the So- 
ciete d’Electro-Chimie of France for 
manufacturing low carbon ferro- 
chrome at the Niagara Falls plant. 


Federated Metals Div., American 
Smelting & Refining Co., has recently 
completed a new office building at 
9000 Market Street Rd., Houston, 
Texas, for the company’s local admin- 
istrative personnel. 


TION With €acn 
-PEN 


lron ore, manganese ore, phosphates of all sizes, flotation 
concentrates and flue dust alone or mixed, can be sintered 
regardless of moisture and carbon content. 


Sintering temperature easily regulated and maintained as 
desired, producing sinter of proper porosity and hardness, 


thus saving blast furnace fuel. 

Materials sintered without fines, eliminating screening and 
rejects. 

Any available gas, oil or pulverized solid fuel may be used. 
Low power consumption—7 to 8 kwh per ton of sinter. 
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DESIGN 


modern 


OPEN HEARTHS 


include the know-how of 


OPEN HEARTH COMBUSTION COMPANY 


SLOPING BACKWALL 


[TRE VENTURI PORT 
CHECKERS 
TAPERED. DOOR FRAMES 
RIMMED STEEL 


METALLURGICAL PLANT DESIGN AND GCONSTRUCTION 


“> Freyn Engineering 


DEPARTMENT OF KOPPERS COMPANY, INC. 
TOS NORTH WABASH AVENUE - CHICAGO 2, U.S.A. Associated with 
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New Products 


1—ELECTRO SONOMETER: Young's Modulus of Elas- 
ticity can be measured by means of sound vibrations 
with the Electro Sonometer developed by Electro 
Products Laboratories. It can be used to determine the 
resonant frequency of any solid material such as alu- 
minum, carbon electrodes, castings, steel beams, 
pressed materials, etc., where strength is important. 
The Electro Sonometer consists of two units, a control 
cabinet, and an electrical pickup 


2—ALUMINUM PAINT: An aluminum paint capable 
of withstanding temperatures up to 1700°F is available 
from Speco, Inc. The paint reportedly fuses with sur- 
face metal upon application and forms a bright, elastic 
finish, resistant to moisture, corrosion, mild acids, 
alkalis, and industrial fumes. 


3—MELTERS CARBON TEST: Carbon in mild steel 
baths may be determined quickly on the melting floor 
by the Melters Carbon Test. The equipment consists 
hardness tester graduated in pct C that gives 
carbon results to within 0.02 pct over the range of 
0.05 to 0.45 pet C. The test may be used on any non- 
austenitic molten steel up to 0.60 pet C. Harry W 
Dietert Co 


4—TESTING MACHINES: A new line of low cost hy- 
draulic machines has been announced by Tinius Olsen 
Testing Machine Co., for tension, compression, trans- 
verse and flexure testing. The featured Selectorange 
Indicating System and Atcotran Unit makes possible a 
50 to 1 spread of testing ranges on one dial, and ranges 
may be changed during a test without changing the 
rate of loading. A range of testing speeds from 0 to 2 
in. per min is possible. The machines are provided with 
hydraulic safety valves and stroke limit switch to pre- 
vent overloading and overtravel 
be increased to a ratio of 100 to 1 with the use of an 
Olsen Electronic Recorder. Machines are available in 
60,000 to 300,000 lb capacities 


5—ROLL SURFACE TEMPERATURE: Temperature 
of a moving roll surface can be measured without 
touching the roll by a development of Leeds & North- 
rup Co. The unit measures and records the tempera- 


of a 


Testing ranges may 


| J 


urnal of Metals 
29 West 39th St 


April 


New York 18, 


123 45 67 8 9 0 
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Vcu Products 


New Literature 


New Services 


ture of the closely adhering layer of air which is nearly 
the same temperature as the moving roll, providing 
measurements within the limits of industrial require- 
ments. 


6—BLAST CLEANER: A midget liquid blast cleaning 
unit available from Pangborn Corp. is useful for die 
and mold polishing, precision part polishing, prepara- 
tion for plating, part cleaning, etc. It requires floor 
space of only 17x22 in., is powered by 110 v, ac, and 
consumes 5 to 20 cfm of air at 80 psi. Loading and part 
manipulation is simple through a large top plate on 
the one-piece aluminum chamber. 


7—RUST PREVENTATIVE: Gulf No-Rust No. 6, a rust 
preventative of the thin film type, is recommended for 
protection of metal surfaces against corrosion by in- 
door or outdoor storage for long periods of time. The 
coating will not be affected in the temperature range 
of 0° to 190°F. Gulf Oil Corp 


8—LEVEL DETECTOR: Minneapolis-Honeywell Regu- 
lator Co. has developed a displacement type detector 
and transmitter utilizing a bellows seal that provides 
more precise and sensitive control of liquid levels. It 
will serve for applications that are considered beyond 
the capabilities of differential type or torque tube dis- 
placer type transmitters 


9—ANNEALING SPIDER: The KIF annealing spider 
is designed to minimize warping, give longer life, and 
reduce loading and stripping friction in wire anneal- 
ing. The spider, which has an overall height of 81 in. 
and is available in 10 to 30 in. diam, consists of a 
large central pipe with eight smaller pipes welded to 
its perimeter, holding wire coils round with only line 
contact. KIF Industrial Fabricators. 


10—REGULATING VALVE: This flow-regulating valve 
can be used where exact setting of the regulated flow 
of liquids is required. It can be used for jet and spray 
pumps, on boiler feed lines, and any place where a 
quick-opening valve or stopcock is needed. Reynolds 
Shaffer Co. 


11I—WELDING ROD: An oxy-acetylene welding rod 
for hard facing against medium impact and high abra- 
sion is offered by Alloy Rods Co. The centrifugally cast 
rod known as Wear-Flame “40”, consists of wear- 
resistant chromium carbide in an _ iron-chromium- 
manganese alloy matrix. The hardness of the deposited 
metal is Re 56 to 58. 


12—PIT FURNACE: A new pit-type heat treating fur- 
nace, heated with gas, oil, or electricity and providing 
operating temperatures up to 1250°F, is available from 
Lanly Co. It is compact, occupying a minimum of floor 
space for the volume of work handled, and is available 
in many basket sizes, circular, or rectangular. Loading 
is from the top of the furnace. 


13—STEAM TRAP: A new design steam trap weighing 
82 lb has the same capacity of and efficiency of ord- 
inary 2-in. traps weighing up to 200 Ib. In the new trap, 
manufactured by Velan Engineering Co., there are 
seven devices incorporated in the unit: 1—Steam trap, 
2—Air bypass valve, 3—Check valve, 4—Self-cleaning 
strainer, 5—Flow control glass, 6—Temperature gage, 
and 7—Temperature control. One type in one size re- 
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places ordinary traps from % to 2-in. size. In super- 
heated power plants it will handle pressures of 650 psi 
and temperatures up to 1000°F. 


14—MICRO-PARTICLE CLASSIFIER: The measure- 
ment of size and amount of fine particles, below 60 
microns, can be made accurately with the Dietert- 
Detroit Micro Particle Classifier. It will separate mixed 
particles into eight fractions from 0 to 60 microns, plus 
oversize residue. The sample may be as small as 10 g. 
Air sorting preserves particle size. Harry W. Dietert Co 


15—CONVEYORS: A series of new models of industrial 
conveyors, Universal 500-F, is designed to handle forg- 
ings and castings. The double bottom trough and heavy 
bar flights eliminate belt replacements. Available in 
four lengths, 6, 8, 10, and 12 ft, they have relative 
maximum elevations of 4 ft, 6 in.; 5 ft, 8 in.; 6 ft, 10 in.; 
and 7 ft, 1 in. Motor specifications are 44 hp, induction, 
115-v, ac, single phase. Industrial Engineering & Mfg 
Co. 


16—WELDING MASK: To prevent spoiled finishes 
caused by weld metal spatter, as in dies, cutting tools, 
molds, and equipment made from finished or plated 
metal, Eutect-Mask has been developed. Canned in thin 
paste form, the compound can be easily spread with 
the welding flux over the area to be protected. The 
dried residue, it is claimed, is easily removed. Eutectic 
Welding Alloys Corp 


17—METAL CLEANER: A special acid phosphate 
cleaner developed for preparing metals for painting, 
lacquering, or japanning is called Houghto-Clean 313-A 
It will remove oils and compounds, rust preventives, 
perspiration and soldering residues, and then deposit a 
smooth, dry coating of phosphate to provide greater 
adhesion of the finishing material. It also gives some 
protection against rust. It can be used in still tanks or 
power washers. E. F. Houghton & Co 


18—MOTORS: A line of extra heavy duty motors for 
variable speed with ratings as high as 50 hp has been 
announced by U. S. Electrical Motors, Inc. These are 
part of the company’s Varidrive line. Dual varibelts 
have been incorporated to distribute the load so no 
undue strain is imposed on the motors. To counter- 
balance belt load, tension control known as Autotaut 
has been designed. 


19—BRIGHT FINISH: A new process for electroplating 
silver on steel wire and rod is claimed to be as eco- 
nomical as nickel or brass plating. Improved continuous 
plating methods and precise process control permit the 
use of unusually small amounts of silver for a durable, 
decorative finish. Kenmore Metals Corp. offers this 
method as a substitute for bright nickel, chromium, 
tin, copper, and brass finishing, all of which metals are 
on the critical list 


Free Literature 


20—HARDNESS TESTER: A bulletin featuring the 
Ernst patented, portable direct reading hardness tester, 
issued by Newage International, Inc., describes the use 
of the instrument for “at-the-job” readings on all types 
of materials. 


21—SLIDE CHART: A slide chart prepared by Car- 
penter Steel Co., presents technical data and informa- 
tion on workability of stainless steels. The chart in- 
cludes a standard analysis table, corresponding AISI 
numbers, and relative fabricating data for a variety of 
operations 


22..MOTORS AND GENERATORS: A 19-p. booklet 
(B-4595) from Westinghouse Electric Corp. describes 
types, enclosures, and mountings of the Life-Line type 
SK dc motors and generators. 


23—HARDENING STAINLESS STEEL: “Methods to 
be Used in the Preparation of Stainless Steel for Hard- 
ening,” is the title of a booklet offered by C. U. Scott & 
Son, Inc. 


24—TANTALUM CAPACITORS: The smallest elec- 
trolytic capacitor known, with stability over wide 
ranges of time and temperature, is announced in Bul- 
letin 6.531 by Fansteel Metallurgical Corp. It consists 
of a porous tantalum anode permanently sealed into a 
fine silver cathode which also serves as the container. 


25—COLLOIDAL GRAPHITE: Bulletin 427 on “Col- 
loidal Graphite as a Parting Compound,” issued by 
Acheson Colloids Corp., describes the unique lubricant 
that is unaffected by heat up to 3500°F in inert atmos- 
pheres. Details of specific applications are given. 


25—FURNACES: “ ‘Surface’ Heating and Heat Treat- 
ing Furnaces for Defense Production” is an 8-p. bul- 
letin just issued by Surface Combustion Corp. Produc- 
tion of guns, tanks, aircraft, engines, and tools are 
among the items covered along with illustrations of 
operating installations. 


27—VALVE SIZING CHART: A chart for determining 
the size of steam valves covering the range from 1 to 
1,000,000 lb per hr, and for butterfly valves in the 
range of 15 to 10,000 gpm, has been published by 
Fischer & Porter Co. 


28—CENTRIFUGAL CASTING: Detailed information 
on modern techniques of centrifugal casting in per- 
manent molds for production of cylindrical shapes in 
a variety of alloy steels is now available from Lebanon 
Steel Foundry. The 8-p. booklet contains reference 
tables, drawings, charts, and photographs. 


29—SO. EQUIPMENT: SO. recording and controlling 
equipment for use in sulphur burning, ore roasting, 
recovery, and magnesium heat-treating, is described in 
a 4-p. folder published by Leeds & Northrup Co. 


30—RECORDING GAGES: Complete information on 
pressure gages for ranges from 0 to 2 in. of water to 
0 to 10,000 lb per in., vacuum gages, low range draft 
and pressure gages, barometers, and absolute pressure 
gages for ranges as low as 0 to 6 mm of Hg are in- 
cluded in The Bristol Co.’s 32-p. bulletin. 


31I—GEAR HARDENING: Operational information 
about the radio-frequency gear-hardening machine, the 
Inductall, is presented in a booklet available from 
Westinghouse Electric Corp. 
32—ELECTRO-ANALYSIS: Burrell Corp. offers a 4-p. 
folder on the Eberbach electro-analysis apparatus for 
quantitative analysis of metals. 


33—ALUMINIZED STEEL: A 24-p. booklet, “Armco 
Aluminized Steel,” describes heat and corrosion resist- 
ance, heat reflectivity, and includes data on mechanical 
and forming properties as well as applications. Armco 
Steel Corv. 


34— BUSHING STANDARDIZATION: A standardiza- 
tion program using only 38 standard bushings of max- 
imum usefulness to replace more than 1000 different 
types of transformer and circuit breaker bushings has 
been announced by General Electric Co. Standardiza- 
tion has resulted in savings in production, routine 
engineering, and manufacturing. 

35—CUTTING AND GRINDING: Data on over 50 
metalworking jobs is presented in the 80-p. edition of 
Sun Oil Co.’s booklet, “Cutting & Grinding Facts”. 
Operational data is based on information supplied by 
builders of metalworking equipment. 
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A list of publications recently is- 
sued by the various publishers indi- 
cated are included as a quick check 
list and for the convenience of read- 
ers in ordering desired engineering 
books 


John Wiley & Sons, 

440 Fourth Ave., 

New York 16, N. Y. 
Gas Producers and Blast Furnaces, 
by Wilhelm Gumz. $7.00—316 pp 
Rolling of Metals—Theory and Prac- 
tice, by L. R. Underwood. $6.50—344 


pp 
Behavior of Engineering Metals, by 
394 pp 


H. W. Gillett. $6.50 


RECENT ENGINEERING BOOKS 


Colloidal Dispersions, by FE. K. 
Fischer. $7.50-—387 pp 

Introduction to Experimental Stress 
Properties of Metallic Materials at 
Low Temperatures, by P. L. Teed 
$3.90—-220 pp. 

Chemical Thermodynamics, by F. D 
Rossini. $6.00—513 pp 

Analysis, by G. H. Lee. $5.50-—319 pp 
Fundamentals in Production and De- 
sign of Castings, by C. T. Marek 
$4.40-—380 pp 

Inelastic Behavior of Engineering 
Materials and Structures, by A. M 
Freudenthal. $7.50-—587 pp 

Unit Operations, by G. G. Brown 
and Associates. $7.50—611 pp 


for the Flow of 


Tus Brown Area Electric Flow 
Meter, service proved in thousands 
of viscous fluid metering applica- 
tions, can now be combined with 
the famous ElectroniK Controller 

. reaching a new high level of 
precision performance in flow 
instrumentation. 


Illustrated in the diagram is the 
ElectroniK Potentiometer, with its 
unusual sensitivity and accuracy . 

1) teaming up with a new, simple 
electronic integrator 2) utilizing 
the high-precision Air-O-Line unit 
to actuate a Honeywell diaphragm 
valve for pin-point control and 
3) providing a permanent record 
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Hearth furnaces 


air-0-tine controt 


Oil, Tar and Pitch 


and a large indicating scale . . . com- 
plete in a single unit. Each unit and 
component contributes to a full cap- 
italization of the unusual operating 
advantages of the Brown Area Elec- 
tric Type Meter. 

For a detailed discussion of the ap- 
plication of this system to the control 
of your viscous fluids, call in your 
local Honeywell engineer .. . he is as 
near as your phone. 
MINNEAPOLIS-HONEYWELL Rect 
LATOR Co., industrial Division, 4573 
Wayne Ave., Philadelphia 44, Pa. 
Offices in more than 80 principal 
cities of the United States, Canada 
and throughout the world 


Honeywell 


ROWN INSTRUMENTS 


Handbook of Experimental Stress 
Analysis, by M. mentenyi. $15.00 
1017 pp 

Apphed Experimental Psychology— 
ltuman Factors in Engineering De- 
sign, by Alphonse Chapanis, W. R. 
Garner, C. ‘lt. Morgan. $4.50-—434 pp. 
Crystal Growth, by H. E. Buckley. 
$9.00—571 pp 


McGraw-Hill Book Co., 

330 West 42nd St., 

New York 18, N. Y. 
Toxicology of Uranium (National 
Nuclear mnergy Series, IV-23), by 
Albert Tannenbaum. $3.00—333 pp 
Physics of Powder Metallurgy—Sym- 
posium of Powder Metallurgy, by 
W. E. Kingston, et al. $8.50 
Vacuum Equipment and Techniques 
(National Nuclear Energy Series, 
I-1), by A. Guthrie, R. K. Wakerling 
$2.50-—264 pp 
Theory of Flow and Fracture of 
Solids—Vol. I, by A. L. Nadai. $10.00 

72 pp 
Chemistry and Metallurgy of Miscel- 
laneous Materials ( National Nuclear 
Energy Series, IV-19B), by L. L 
Quill. $3.00-—329 pp 
Analytical Chemistry of the Man- 
hattan Project (National Nuclear 
Energy Series, VII-1), by C. J. Rod- 
den. $6.75—748 pp 
Properties of Metals at Elevated 
Temperatures, by G. V. Smith. $7.00 
401 pp 


Reinhold Publishing Co., 
330 W. 42nd St., 

New York 18, N. Y. 
Materials Engineering of Metals 
Products, by N. E. Woldman. $10.00 

583 pp 
Metals at High Temperatures, by F. 
H. Clark. $7.00—372 pp 


Harper & Bros., 

49 East 33rd St., 

New York 16, N. Y. 
Industrial Safety Problems of Nu- 
clear Technology, by M. H. Shamos, 
S. G. Roth. $4.00—368 pp 
Industrial Inspection Methods, by L. 
C. Michelon. 566 pp 


Productivity in the Blast Furnace 
and Openhearth Segments in the 
Steel Industry—1920 to 1946, by W. 
T. Hogan. Fordham University Press, 
22 Park Pl, New York 7, N. Y. $4.00 
149 pp 
Refining of Nonferrous Metals—A 
Symposium, published by Institution 
of Mining & Metallurgy, Salisbury 
House, London, E.C.2, England. 40/ 
534 pp 
Job Evaluation, by J. A. Patton, R 
S. Smith, Jr. Richard D. Irwin, Inc., 
Chicago. $4.50—-316 pp 
Metallurgy in Antiquity, by R. J 
Forbes. E. J. Brill, Leiden, Holland 
f18—405 pp 
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5. D. BAUMER R. F. DOELLING | 
K. C. MeCutcheon (p. 304) graduated e a ur ICa 
from Cornell University, and took two 


years off from Carnegie Steel Co. to 
serve in World War I. Since 1922 he 


has been associated with Armco Stee! S 
Corp., Ashland, Ky., where he is now 
assistant to vice-president of opera- 
tions. Golf and gardening are the 


hobbies of this AIME member. 


W. J. Urban (p. 311) received his B.S. 
degree in Mechanical Engineering 
from Washington University. For the 
past 22 years he has been engineer for 
American Ore Reclamation Co. 


S. D. Baumer (p. 313) attended Prince- 
ton and University of Pittsburgh. A 
member of AWS, AISE, Iron & Steel 
Inst.. and Armed Forces Chemical 
Assn., he is manager of general tech- 
nical sales for Air Reduction Sales 
Co., N. Y. His hobbies are hunting and 
golf. 


P. M. Hulme (p. 313), project engi- 
neer for Air Reduction Sales Co., New 
York, is a graduate of MIT. This AIME 
member also belongs to ASM, and In- 
stitute of Metals. His spare time is 
spent fishing and gardening. 


A. W. Schiechten (p. 327) studied at 
Montana School of Mines and MIT, 
receiving B.S. and D.Sc. degrees, and 
is now professor and chairman, dept. 
of metallurgy, Missouri School of 
Mines. This AIME member, who likes + 
golf and bowling, belongs to ASM, 

Electrochemical Society, ASEE, AFS, 

and Sigma Xi. 


R. F. Doelling (p. 327), a graduate of 
Missouri School of Mines with B.S. 
and M.S. degrees, is research engineer 
for St. Joseph Lead Co. (Pa.), Mon- 
aca, Pa. 


Completely equipped with 
facilities for photomicrography. 


For information, see your Leitz 


franchised dealer, or write to Dept. JM 106 


E. LEITZ, Inc., 304 Hudson Street, New York 13, N. Y. 


LEITZ MICROSCOPES e¢ SCIENTIFIC INSTRUMENTS 


P.M. HULME 


BINOCULARS ¢ LEICA CAMERAS AND ACCESSORIES 


A. W. SCHLECHTEN 
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"We have anew 
Service Division. 
It's a separate 
group in our Sales 
Department set up 
to handle service 
work, such as 
hearth installa- 
tions, refractory 
practice surveys, tests, etc. And the 
boys in the back room say it's a long 
step in the right direction. 


"This Service Division's a chip off 
the old block. Just like their comrades 
in arms in the Sales Department, the 
Service men are ex-steelmakers. 
Years ago we found out that steel- 
makers make good refractory sales 
and service men. So we've always 
staffed our Sales Department with 
men with practical steelmaking expe- 
rience. They hit the 
bullseye. And 
that's why we stick 
to our guns in hir- 
ing new hands for 
the Service 
Division. 

“Our need for 
a special Service 
Division really started back in 1940. 
Venturing where angels fear to tread, 
we told the steel industry that our 
magnesia ramming mix, Ramset, 
might eliminate a lot of blood, sweat 
and tears on new hearth installations 
—in major hot and cold repair 
work, too. 


“Well, the industry said, we're 
from Missouri. The proof of the 
puddin’ is in the eating. And you 
gotta show us. So the die was cast 
and we undertook to supervise Ram- 
set jobs with our limited Sales staff. 


WERE WE SWAMPED! 


“We were bears 
for punishment in 

those days. Pretty 

1 soon we found our- 
selves on the horns 
of a dilemma. The 
Sales Department 
was so busy on 
service work that 
they didn't have time to sell. We 
were robbing Peter to pay Paul. On 
the one hand we couldn't handle all 
the service work that needed di‘ing. 
A? the same time our men couldn't 
be out winning friends and influ- 
encing people. In fact, we were 
between the devil and the deep blue 
sea. It looked like Basic might soon 
be a case of out of sight, out of mind, 
with those customers who weren't 
getting as much service with a smile 
as they wanted. 


"Just what the doctor 


“Naturally we didn't want absence 
to make the heart grow fonder for 
somebody else's 
products. So we 
took the bull by 
the horns. Nothing 
ventured, nothing 
gained, you know. 
With the new Di- 
vision we have 
arranged to fur- 
nish service around the clock. And 
we aren't sending a boy to do a 
man's work. We want you to see 
that it pays to leave the plumbing to 
the plumbers. 


“We saw the light on another 
point, too. We had the right prod- 
ucts and the right men. But some- 
thing was still missing. Clothes alone 
don't make the man. Right equip- 
ment was necessary to save the day. 


MOTHER NECESSITY INVENTS 


“Always before, we cut the pat- 
tern to fit the cloth—mixing Ramset 
by hand or in a concrete mixer, mov- 
ing the tempered Ramset by wheel- 
barrow to the furnace and compact- 
ing the Ramset with backfill tampers. 
But recognizing that a job worth 
doing is a job worth aoing well, that 
time is money and that handsome is 
as handsome does, we decided to 
get the right tools for the job. 


"Seizing time by 
the forelock, we 
added an | 8-cubic 
foot mortar - type 
mixer to our kit. It 
tempers Ramset 
rapidly without 
segregation or 
balling and per- 
mits maintenance >f a uniform mois- 
ture content. 


“A straight line is the shortest dis- 
tance between two points, so we 
designed and had built a belt con- 
veyor to match the capacity of the 
mixer. That eliminates wheelbarrow 
labor and delivers tempered Ramset 
from the mixer, OVER charging bug- 
gies, into the furnace. 


"Realizing also that you can't drive 
a spike with a tack hammer, we fell 
to the task of finding a faster, better + 
way of tamping Ramset into place 
Even a blind hog 
turns up an acorn 
now and then and . / 
our rooting uncov- - & 
ered a mechanical ~ 
tamper that gives 
Ramset what 
Paddy gave the 
drum. The new 


ordered!’’ 


device has a blow that would fell an 
ox. It cuts down the manpower pre- 
viously required, and saves plenty of 
silver seconds and golden minutes. 
That's our complete ball of wax— 
to date. 


FIRST COME, FIRST SERVED 

“And here's the deal: Since any 
worker is worthy of his hire, we've 
hung a ‘For rent’ sign on this equip- 
ment package. It's open for engage- 
ments on a bargain basis, calculated 
to cover amortization, maintenance 
and delivery to your door by our 
Service Division truck. Virtue being 
its own reward, we don't charge any- 
thing for the 24-hour supervision of 
your hearth and major repair jobs by 
the Service Division. 


“To date only one complete pack- 
age is ready. So renting the equip- 
ment is on a first come, first served 
basis. But it's only the beginning. 
We expect to have several other 
expanded equipment packages avail- 
able soon. When that good day 
comes there need not be a case of 
he who hesitates is lost or of haste 
makes waste. 


“Maybe you 
can't teach an old 
dog new tricks, 
but if practice 
makes perfect, you 
can be sure the 
jobs our Service 
Division under- 
takes will prove 
that experience is the best teacher. 


“And we're not selling a pig in a 
poke because blazing a trail isn't a 
new experience for us. You remem- 
ber it was our people years ago who 
paved the way on hearth installation 
techniques [including the use of 

forms) now used 
from the rock- 
ta bound coasts of 
Maine to the 

sunny shores of 
California. 


"Just remember 
your success is our 
happiness. We 
hope you'll give us a chance to 


get to the bottom 5 
of your trouble 
"Yours 
for 
better 
bottoms,” 


OLD BILL BASIC 


A fractoues ito rated 845 HANNA BUILDING, CLEVELAND 15, OHIO 
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EW York City often is considered an expensive 

place in which to live and do business, so the 
suggestion is frequently made that AIME headquarters 
be removed elsewhere. This impression perhaps is at- 
tributable largely to the fact that New York has lots 
of visitors, and visitors and strangers to any city al- 
most always pay more for what they receive than do 
the home folks. They patronize hotels and restaurants 
instead of living at home; and the restaurants they 
visit are not usually those that the natives have found 
economical and good. 

Traveling about the country a bit, as we have had to 
do, and maintaining an office and publishing a maga- 
zine in Dallas as well as in New York, we have come 
to the conclusion that the AIME would save no money 
if its headquarters were in some other city. The ex- 
pense of removal would be considerable, and an almost 
completely new staff would have to be trained. Pres- 
ent contacts with other engineering organizations 
would suffer greatly or be much more costly 

Evidence that prices in New York are not high com- 
pared to other cities has just been compiled by the 
Bureau of Labor Statistics. It studied an urban work- 
ers family budget in 34 cities in October 1950. This 
is as good a guide as any to the comparative cost of 
doing business in those cities, for where living costs 
are high, business costs are in proportion. The 34 cities 
rank as follows 


Washington 100 Milwaukee 100 Richmond 99 
Houston 99 Atlanta 98 Seattle 97 
Boston 97 San Francisco 97 LosAngeles 97 
Memphis 96 Jacksonville 96 Pittsburgh 96 
Baltimore 96 Detroit 96 Chicago 95 
Denver 95 Cincinnati 95 Minneapolis 95 
Norfolk 95 Birmingham 95 Portland, Ore. 94 
Philadelphia 94 Buffalo 93 Manchester 93 
New York 93 St. Louis 93 Cleveland 92 
Portland, Me. 92 Scranton 92 Indianapolis 92 
Savannah 91 Kansas City 90 Mobile 89 


New Orleans 88 


Thus, New York is really one of the cheaper cities 
of the country in which to live. Washington is the most 
expensive, which should occasion no surprise. Its cheap 
taxi fares create a good first impression which un- 
fortunately does not persist. Costs of living are, of 
course, less in country towns, but the AIME would 
have to function quite differently if its headquarters 
were in an inaccessible place 

Writing the Drift this month while at home in bed 
with la grippe, we have had a chance to glance at the 
current “Atlantic.” Turning first, as we are wont to do, 
to the most highly intellectual departments, we notice, 
in Accent on Living, that Austria is the cheapest 
country in Europe open to Americans, with rather 
fantastic prices compared to the U.S.A. If we are going 
to move, let’s move 


Adieu to Jam R. Finlay 


A generation or two or three ago, one of the most 
prominent names in American mining was that of 
James Ralph Finlay. Death claimed him on Jan. 1. He 
had led the usual active life of a leading mining en- 
gineer, with work all over the world. He was a writer 
of distinction, too. Engineers of the older generation 
seem to have been more inclined to authorship than do 
those of the present day. Finlay’s Cost of Mining is a 
classic. Within the vear he had visited our office bring- 
ing with him the manuscript of what would be a two- 
volume work, partly autobiographical and partly tech- 
nical and economic 

Just two weeks and two days before Finlay died he 
wrote a letter to his old friend, Milnor Roberts, of 


Edward H. Robie 


Seattle, from which the Dean has given us the priv- 
ilege of quoting: 

“I keep wondering abeut our position in the world. 
My notion is that we talk too much about communism, 
which I take to be essentially a recrudescence of the 
old idea of an absolute monarchy. In this view it is 
easy to understand that within the area in which 
Russia is now dominant it is more congenial and more 
intelligible than is our capitalistic democracy, of which 
all the people east of the Alps and the Mediterranean 
know next to nothing. Neither the Russians nor any 
of the other inhabitants of their present sphere have 
the same culture as the Western nations who developed 
our civilization, and we have never had very much to 
do with them. That is, a sort of iron curtain has al- 
ways covered that part of the world. 

“What I think our people fail to realize fully enough 
is that the basic impulses that we have to contend 
with are not so much communism as the old national- 
ism and radicalism that have always been there. The 
Chinese very naturally want to get us out of Korea, 
and to get the French out of Indo-China, just as we 
would want te get an Asiatic nation out of Central 
America. Southern and eastern Asia have wanted to 
get rid of West European domination—the colonial 
system—communism or no communism. In short, we 
might say we are opposed by a kind of continentalism. 

“I thought I could see, as far back as 1943, that 
Russia probably would court the Germans, just as we 
would, and try to marshal the old world against the 
new. Just now we are combatting them where they 
have the advantage. In general, we have the advan- 
tage in the air. We can control the sea. Our interest 
is to keep the world open to trade, travel, information, 
and opinion. The iron curtain is an affront to civiliza- 
tion, and the expression of an inferiority complex. But 
if we can hold the sea and the air and maintain access 
to 80 pet of the habitable world, communism will get 
stale and insipid. If we make so much of it, we 
glorify it, advertise it, and give it the appeal of a 
Hollywood movie star. 

“The zealots of every revolution think they are go- 
ing to conquer the world. None of them have ever 
done it. 

“That, I think, is where we stand, in a general way. 
It doesn’t pay us to have our boys fighting guerillas in 
the jungles and mountains of Asia.” 

And From o Young Man 

A somewhat similar view, expressing doubt of the 
validity of our foreign policy, from a man some 60 
years younger, was published in The New York Times 
of Sunday, Mar. 4. It was written by Marine Corporal 
John B. Moullette from Camp Pendleton, Calif. Among 
other things, he complains about the extravagance of 
our Government and the needless waste of life in 
Korea, on both sides, “shameful to the human race.” 
Not only the loss of life there, but the wreckage of the 
country and the destruction of the homes of the people 
are said to have made Anericans as unpopular, even 
among the South Koreans, as the Communist invaders 
from China. 

Corporal Moullette’s letter was answered by his 
father, and also by Dean Acheson, the whole occupying 
some five columns in the Times. The answers seemed 
to us inadequate. 

A profligate Government in Washington whose in- 
come has equalled its expenditures in only one of the 
last 20 years and whose foreign policy has failed so 
dismally that we are compelled again to have recourse 
to the law of the jungle, may well-call forth protests 
from the young men. It is they, and not the men who 
have brought the world to its present condition, who 
must pay the price of failure. 
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DUCTILE IRON is a cast ferrous prod- 
uct which combines the process ad- 
vantages of cast iron with many of 
the product advantages of cast steel. 


No longer in the pilot-plant stage, 
this new material is now produced 
and sold on the basis of specifications. 
Not only are its individual proper- 
ties exceptional, but no other com- 


DUCTILE IRON 
A Revolutionary Metallurgical Development 


such a combination of excellent cast- 
ability and fluidity, with high 
strength, toughness, wear resistance, 
and machinability. 

Actually, “ductile iron” denotes not 
a single product, but rather a family 
of ferrous materials characterized by 
graphite in the form of spheroids. . . 


mon engineering material provides 


a form controlled, in a broad sense, 
by small amounts of magnesium. 
Presence of spheroidal rather than 
flake graphite gives this new prod- 
uct a ductility that is unique among 
gray cast irons. 


Four important types of ductile iron 
now being produced commercially 
are tabulated below. 


Tensile Yield 
strength strength, 

Grade psi psi 
A 90-65-02 95 105000 70 75000 
B 8060-05 85 95000 65 70000 
C 60-45-15 65 75000 50 60000 
D 8060.00 8595000 65/75000 


REPRESENTATIVE MECHANICAL PROPERTIES 
OF COMMERCIAL HEATS OF DUCTILE IRON 


A Pearlitic in structure. Provides good mechanical 
wear resistance. 


B Pearlitic-ferritic in structure. Provides strength and 
toughness combined. 


Elongation Usual 
per cent BHN condition 
2.5/5.5 225/265 As-cast 
5510.0 195/225 As-cast 
17.0'23.0 140/180 Annealed D 
10 3.0 230 290 Ascast 


C A fully ferritic structure usually obtained by short 
anneal of either (A) or (B). Provides optimum 
machinability and maximum toughness. 


Higher phosphorous content than preceding grades, 
also higher manganese. Provides high strength and 
stiffness, but only moderate impact strength. 


SOME UNIQUE PROPERTIES 
OF DUCTILE IRON 


1. Its elastic modulus, about 25,000,- 
000 psi, is virtually unaffected by 
composition or thickness... 


2. It can provide a chilled, carbidic, 
abrasion-resistant surface supported 
by a tough ductile core. No other 


; 
The International Nickel Company, Inc ' 
Dept. JM, 67 Wall Street : 
New York 5, N.Y ' 
Please send me a list of publications on } 

DUCTILE IRON 

Name Title ' 

Company 

Addre ! 
ss 

City State 
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single material can combine these 
properties...its only counterpart 
being a tough material coated with 
a hard welded overlay. 


3. As-cast ductile iron of 93,000 psi 
tensile strength has the same ma- 
chinability rating as gray iron with 
a strength of 45,000 psi. 

4. Annealed ductile iron can be ma- 


chined at a rate 2 to 3 times that of 
good quality gray iron. 


5. It can be satisfactorily welded. 


APPLICATIONS 


Automotive, agricultural imple- 
ment, railroad and allied industries 
apply ductile iron, as-cast and heat 
treated, in Components too numer- 
ous to detail. 


Machinery, machine tools, crank- 


THE INTERNATIONAL NICKEL COMPANY, INC. 


shafts, pumps, compressors, valves 
and heavy industrial equipment such 
as rolls and rolling mill housings, 
utilize its high strength and rigidity. 


In scores of engine, furnace and 
other parts serving at elevated tem- 
peratures, it provides oxidation and 
growth resistance heretofore un- 
available in high carbon castings. 


Other applications include paper, 
textile and electrical machinery, 
marine equipment, and pipe. 


AVAILABILITY 


Send us details of your prospective 
uses, so that we may offer a list of 
sources from some 100 authorized 
foundries now producing ductile cast 
iron under patent licenses. Request 
a list of available publications on 
ductile iron... mail the coupon now. 


67 WALL STREET 
NEW YORK 5, N.Y. 
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Journal of Metals cforter 


A new method for continuous non-destructive testing of soundness of megnetic 


metal bars -involves passing the metal bar through a magnetizing 

chamber, the chamber containing a suspension of magnetic dust. The 
inspection chamber is provided with lights and visual inspection of 
the bar is rapid. 


Humidity measurements where sub-freezing temperatures and precipitation 
exist are facilitated by using a direct-reading vapor-pressure 
psychrometer. Humidity can be measured directly in terms of water- 

vapor pressure from inside a heated room. 


Contractors can now borrow from an Air Force pool of 40,000 machine tools 
and get into production without waiting delivery of new tools. These 
tools were assembled after World War II as part of the Joint Arny- 

Navy Tool Program. 


A New York repsir firm, a dry-dock company in Amsterdam, and a London 
enterprise have formed ompeny in Amsterda 
of machinery cestings by a patented method not involving the sub- 
jecting of the casting to heat treatment. 


Zirconium metal is now being produced in England on a commercial scale, 


Aluminum oxide crucibles that have a _ compressive strength of 500,000 psi and 


retain their strength et 2000°F have been developed. The material is 
said to be excellent for the melting high-temperature, super-hard 
metals, and for mixing with ceramics to produce jet turbine blades. 


It is expected that France's steel production will exceed 12 million tons 
in 1952. Normandy Metallurgical Co., nesr Caen, is now operating 
its first new blast furnace addition to the war-destroyed factories. 


The first shipments of Liberian iron ore are expected by Republic Steel 
Co. in early spring. 


A Swedish bell-bearing firm will build a plant in the Netherlands for 
producing roller besrings as a main item. 


International General Electric Co., Inc., will furnish $2 million worth of 
electrical ecuipment for four cold mills to be built by Societe 
Italiana Assierie Cornigliano in Genoa, Italy. 


The British Ministry of Supply is presently alloc: ting only three nonferrous 
metals, copper, lend, and zinc. Discussions cre ir progress on 
restricting the consumption of chrome, nickel, end molybdenum. 


Great Britain is hopeful that the U. S. will increrse its exnort of sulphur 
during the second quarter of 1951, as the effects of the sulphuric 
acid shortage are elreedy serious in meny sections of industry. The 
use of pyrites from Spain and North Africa for producing sulphuric 
acid will require more plant space end is more expensive than the 
use of elemental sulphur. 
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A BIG HIT 


EVERYWHERE 
IT 1S SHOWN 


... the Outstanding New 


DESK-TYPE 
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... and no wonder. for it introduces to metallographers 

so much that is completely new—new simplicity of opera- 

tion, new convenience, new speed and accuracy. Everyone 
who sees the AO Metallograph takes the time to study it 

thoroughly, operate it, and become convinced that here is a 

radical advancement in the field of metals microscopy. 

SIT DOWN AND STAY SEATED. From start to finish every 
control, every operation, is at vour fingertips. 

FOCUS QUICKLY, AUTOMATICALLY, ACCURATELY. Final focus- 
ing for photography is accomplished through the parfocal 
visual system, 

UNBELIEVABLE SPEED AND PRECISION in changing magnifi- 
cation, adjusting lamp. making exposure, taking notes. 
OTHER FEATURES: monocular or binocular bodies, revolv- 
ing objective turret, 2 lamps — visual and photographic, 
perfect are lamp performance with both AC and DC 

current, “autofocus” coarse adjustment stop. 

Every user of metallographic equipment should know this 

AO instrument. For your copy of our descriptive 12 page 

catalog, write Dept. R182. 


American @ Optical 


INSTRUMENT DIVISION « BUFFALO 15, NEW YORK 
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On Feb. 23, 1950, the Buffalo Section visited the No. 3 
Open Hearth Shop of Bethlehem Steel Co. The plant 
visitation was followed by a luncheon at the Super- 
visors’ Club, with 96 men at the technical session and 
the dinner that followed. James Creighton, Superin- 
tendent of the Open Eearth, Bethlehem Steel Co., 
Lackawanna, N. Y.; A. K. Moore, Superintendent, Open 
Hearths, Steel Co. of Canada Ltd., Hamilton, Ont.; and 
Harry Northrup, Open Hearth Superintendent, Repub- 
lic Steel Corp., Buffalo, ted the technical session and 
discussions on bath temperature, furnace bottoms, and 
pit practice. 

On Nov. 14, the second meeting of the Buffalo Sec- 
tion started with a visit to Republic Steel Corp.’s Buf- 
falo Open Hearth Dept. The technical session convened 
at the Hotel Statler in the afternoon, with 187 present. 
Harry Northrup acted as technical chairman, assisted 
by Gil Gregory of Bethlehem, Gordon Cooper of Stelco, 
Bus Reed of Dominion Foundries & Steel, Charles 
Moyer of Republic, and Nick Friesen of Atlas Steel 


H. L. Allen, Jr 


A technical meeting of the section was held at the 
Warwick Hotel in Philadelphia on Oct. 20, 1950, with 205 
registrations. The morning session was devoted to 
panel type discussions of operational problems as fur- 
nace design, refractories and their use, ché¢rging prac- 
tices, and pit practices. The afternoon session was on 
such subjects as control of copper residuals, pit prac- 
tice for semi-killed and rimmed steels, improved hot 
topping practice, substitutes for tar as a mold coating. 

The Eastern Section sponsored a contest for the best 
paper written about anything pertaining to the open 
hearth. The award was won this year by Louis A. 
Boldizar of the Metallurgical Dept. of John A. Roeb- 
ling’s Sons Co. The title of his paper was “Increase of 
Ingot Mold Life Vs. Surface Quality of Billets.” This 
year Don Watkins donated the prize of $150 in bonds 


— Local Section Activities 


National Open Hearth Steel Committee 


BUFFALO SECTION 


Republic Steel Corp., Buffalo 
Chairman, Buffalo Section : 


Alan Wood Steel Co., Conshohocken, Pa 
Chairman, Eastern Section 


EASTERN SECTION 


Co. The program covered the general topics of furnace 
charging, combustion, design, maintenance, and quality. 
This meeting was aimed at the foreman level, with 
discussions following the presentations by various oper- 
ating and metallurgical foremen. Following a cocktail 
hour and dinner, a speaker from the American Legion 
Committee combatting subversive activities spoke on 
the subject from the standpoint of the Buffalo area. 

Plans for the coming year include a Spring meeting 
following the National Conference in Cleveland, and a 
Fall meeting in mid-November 

Officers for the coming vear are: 

Chairman, H. L. Allen, Jr., Assistant District Man- 
ager, Republic Steel Corp., Buffalo; Executive Com- 
mittee, Joseph Walton; A. K. Moore, Superintendent, 
Open Hearths, Steel Co. of Canada Ltd., Hamilton, 


Ont.; W. R. Weir, Chief Metallurgist, Dominion Foun- 
dries & Steel Ltd., Hamilton, Ont.; Harry Northrup, 
Open Hearth Superintendent, Republic Steel Corp., 
Buffalo. 


D. R. Mathews 


The suppliers again sponsored a cocktail party prior 
to the dinner and engaged a Pennsylvania Dutch band 
to play during the dinner and entertain afterward. 

Speaker at the dinner was the Hon. John Davis, 
Mayor of Reading, Pa. His wide reputation for wit and 
humor suffered not one whit during this performance, 
and he demonstrated that he could be serious by an 
able discourse on private enterprise for a few minutes. 

Officers for the section are: 

Chairman, D. R. Mathews, Open Hearth Superinten- 
dent, Alan Wood Steel Co., Conshohocken, Pa.: Vice- 
Chairman, R. M. Baker, Superintendent Open Hearth, 
Bethlehem Steel Co., Sparrows Point, Md.; Secretary- 
Treasurer, F. S. Ellis, Asst. Chief Metallurgist, Alan 
Wood Steel Co. 

The next annual meeting will be Oct. 12, 1951 
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The term “Nat: l ia @ registered trad kof 
NATIONAL CARBON COMPANY 
Division of 
UNION CARBIDE AND CARBON CORPORATION 
30 East 42nd Street, New York 17, N.Y 


District Sales Offices: Atlanta, Chicago, Dallas, 
aneas City, New York, Pittsburgh, San Francisco 


In Canada: National Carbon Limited, Toronto 4 


27 blast furnaces in the 
U.S. have each produced 
over 1,000,000 tons of iron 
on a single “National” 
carbon lining... and are 
still going strong! 


NUTS 70 THIS 
WATIONAL CARBON... 
NOTHING / DO < 


SEEMS HURT IT! ) 


BLAST FURNACE LININGS + BRICK + CINDER NOTCH LINERS - CINDER NOTCH PLUGS + SKIMMER 
BLOCKS + SPLASH PLATES + RUNOUT TROUGH LINERS + MOLD PLUGS + TANK HEATERS 
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The Pittsburgh Section of the AIME National Open 
Hearth Committee, on Apr. 3, 1950, cosponsored the 
Iron and Steel Div. night program presented at the 
Mellon Institute Auditorium. The program was an ap- 
praisal of “Progress and Problems in Iron and Steel 
Technology,” by E. C. Bain, Vice-President of Research 
and Development, U. S. Steel Co.; H. W. Graham, Vice- 
President and Director of Technology, Jones & Laugh- 
lin Steel Corp.; E. G. Hill, Director of Metallurgy and 
Research, Wheeling Steel Corp. This symposium was 
arranged to bring to engineering men in the area a dis- 
cussion of some of the broad problems facing the steel 
industry as viewed from the perspective of the Metal- 
lurgical Executive. 

The annual Golf Party, on June 6, 1950, was a good 
fellowship party held under ideal weather conditions, 
with 104 members and guests. The committee that 
arranged this social event consisted of J. T. Meell, 
chairman; W. C. Berg, Jr., C. E. Ahl, G. W. Edwards, 
and W. M. Troutman. 

On Nov. 3, 1950, 700 members and guests of AIME 
participated in the Fifth Annual Off-The-Record meet- 
ing at the William Penn Hotel in Pittsburgh. The meet- 
ing is a joint presentation by the Pittsburgh Section of 
AIME and the National Open Hearth Committee. H. W. 
Parker, Armco Steel Corp., was program chairman for 
the sessions presented by the Pittsburgh Section of the 
National Open Hearth Committee, and R. S. Moore, of 


H. E. Warren, Jr. 


PITTSBURGH SECTION 


|Local Section Activities | 


Harbison-Walker Refractories Co., was program chair- 
man for the other divisions and sections of AIME who 
cosponsored sessions at this meeting. 

This meeting was concluded with a Fellowship Din- 
ner for the 225 members and guests of AIME, with 
H. P. Greenwald, chairman of the Pittsburgh Section 
of AIME as toastmaster. The National Open Hearth 
Committee’s Pittsburgh Section Award was presented 
to J. W. Bain, T. E. Brower, and B. M. Larsen, U. S. 
Steel Co. Research Laboratories for their paper entitled, 
“Oxygen in Liquid Open Hearth Steel—Oxidation Dur- 
ing Tapping and Ladle Filling.” The award was pre- 
sented by H. E. Warren, Jr., chairman of the Pittsburgh 
Section, N.O.H.C. The after-dinner speaker, D. H. Mc- 
Laughlin, 1950 president of AIME, and President of 
Homestake Mining Co., dealt with “National Mineral 
Policies.” 

Election of Section officers is in November, and 
present officers include: 

Chairman, H. E. Warren, Jr., Assistant General Su- 
perintendent, U. S. Steel Co., Fairless Works, Morris- 
ville, Pa.; Vice-Chairman, J. F. Pollack, Assistant to 
Superintendent, Open Hearth and Bessemer, Jones & 
Laughlin Steel Corp., Pittsburgh; Secretary, C. E. 
Williams, Assistant to Chairman Open Hearth Com- 
mittee, U. S. Steel Co., Pittsburgh; Treasurer, C. Longe- 
necker, Editor, Blast Furnace & Stee] Plant. 


U. S. Steel Co., Morrisville, Pa 
Chairman, Pittsburgh Section 


L. R. Berner 


Inland Steel Co., Gary, Ind. 
1950 Chairman, Chicago Section 


The Chicago Chapter of the National Open Hearth 
Committee, under the leadership of Chairman L. R. 
Berner. Inland Steel Co., held a series of technical 
meetings during the pas* year. On Jan. 9, 1950, a meet- 
ing on Bottom Maintenance and Furnace Practice drew 
153 operators. The third annual all-day meeting held 
Mar. 8, 1950, was climaxed by a cocktail hour and ban- 
quet. Past-chairman M. F. Yarotsky acted as toast- 
master, and E. C. Logelin, Jr., Director of Public Rela- 
tions, United States Steel Co., Chicago District, was 
the guest speaker. 

Pit practice and metallurgical problems involved in 
meeting the customers’ demands, effect of pouring 
practice, and control of quality were the subjects cov- 


CHICAGO SECTION 


ered by the 135 operators attending the May 8, 1950 
meeting. A golf outing on June 20, 1950, was arranged 
by J. F. O’Brien, U.S. Steel Co. (Carnegie-Illinois Steel 
Corp.); George Lawton, Inland Steel Co.; and A. G. 
Forrest, Republic Steel Corp. 

The final yearly meeting was held Oct. 9, 1950, with 
125 attending. Subjects covered were Bath Tempera- 
tures (procedures and methods) and High Carbon 
Rimmed Steel (to 0.25 pct C). 

Officers of the section are: 

Chairman, J. R. Brady, Wisconsin Steel Co.; Vice- 
Chairman, Oscar Pearson, U.S. Steel Co. (Carnegie- 
Illinois Steel Corp.), Gary Works; Secretary-Treasurer, 
R. J. McCurdy, Republic Steel Corp. 
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BORON-TREATED 
STEELS 


More than a million and a half tons of steel produced 
with these alloys have proved their dependability. 


Grainal balanced alloys, with or without vanadium, 
are available in three standard grades. 


Write us for details. 
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| Local Section Activities | 


NORTHERN OHIO SECTION 


The Northern Ohio Section of the National Open 
Hearth Committee held its winter meeting of the 1950- 
51 year at the Pick-Ohio Hotel, Youngstown, Feb. 15. 
The registration for the plant visitation in the after- 
noon and the dinner in the evening was 210. 

The open hearth and bessemer plants of the Ohio 
Works, U. S. Steel Corp., were visited. The cocktail 
hour at the Pick-Ohio Hotel was followed by dinner. 
The speaker of the evening was Dr. Karl Fetters, who 
talked on “Physical Chemistry of Steel Making.” Dr 
Fetters was introduced by L. D. Woodworth. 

The Committee which handled the February party 
consisted of Bruce Carpenter, chairman; Ed Speer, Jim 
Smith, and Mark Geigel 

The officers of the Northern Ohio Section are: 

Chairman, L. D. Woodworth, Superintendent Steel 
Production, U. S. Steel Co. (Carnegie-Illinois Steel 
Corp.), Youngstown; Secretary-Treasurer, M. J. Geigel, 
Youngstown Sheet & Tube Co.; Executive Committee, 
T. A. Cleary, Superintendent Open Hearth and Bes- 
semer, Youngstown Sheet & Tube Co.; Bruce Carpenter, 
Youngstown Sheet & Tube Co.; E. B. Speer, U. S. Steel 
Co.; Ervin Wentz, U. S. Steel Co.; Tom Stricklin, Open 
Hearth Superintendent, Sharon Steel Corp.; James 
Smith, Republic Steel Corp. 


WESTERN SECTION 


An unusually busy fall season by the Western Sec- 
tion included several technical meetings and a visit to 
the Las Vegas, Nev., plants of U. S. Lime Products 
Corp. At a dinner meeting on Sept. 20, W. J. Taylor, 
Vice-President, Exothermic Alloys Sales & Service, 
Chicago, spoke on “The History and Development of 
Exothermic Ferroalloys and Their Application in the 
Steel Industry.” The visit to Las Vegas was on Oct. 13 
and 14. On Nov. 15, Lieut. J. C. Melin, of the Office of 
Inspection of Naval Material, Los Angeles, addressed 
a meeting on the subject of “Industrial Security.” 

At the Jan. 17, 1951 meeting, Earl Sample, Chief of 
the Production Branch, Los Angeles District Ordnance 
Dept. U. S. Army, spoke on “Items of Interest to the 
Steel Industry,” especially with regard to the avail- 
ability of special steels and their procurement. At this 
meeting George B. McMeans, Works Manager of Kaiser 
Steel Corp., presented a prize of $100 to Prof. James R. 
Cady for the best paper presented to the group during 
the 1949-50 fiscal year. Prof. Cady is Associate Profes- 
sor in the Mechanical Engineering Dept., University of 
Southern California, and his paper was “Open Hearth 
and Electric Furnace Refractories.” The prize has been 
made available to the Western Section by Don Watkins, 
President of Laclede-Christy Co. 

At the February meeting, Carlton Tibbetts, President 
of Los Angeles Steel Casting Co., was scheduled to 
present a paper on “Defense Mobilization,” particularly 
as it affects the steel industry. 

Election of officers of the Western Section is held in 
June. Present officers for the 1950-51 year include: 

Permanent Chairman, George B. McMeans, Works 
Manager, Kaiser Steel Corp., Fontana, Calif.; Executive 
Chairman, J. T. Evans, Jr., Research Laboratory, Na- 
tional Supply Co., Torrance, Calif.; Vice-Chairman, 
Barney M. Dagan, Division Superintendent, Iron and 
Steel Production, Kaiser Steel Corp., Fontana, Calif.; 
Secretary-Treasurer, H. R. Brookman, Vice-President, 
U. S. Lime Products Corp., Los Angeles; Directors, 
George B. McMeans, J. T. Evans, Jr., Barney M. Dagan; 
B. G. Emmett, Los Angeles Steel Casting Co.; Ralph 
Price, Bethelehem Pacific Coast Stee! Corp.; J. Isaacs, 
Kaiser Steel Corp.; Glenn E. Middleton, National Sup- 
ply Co.; J. T. Oursler, Columbia Steel Co.; W. F. Bowers, 
Kaiser Steel; W. E. Daugherty, Laclede-Christy Co. 


L. D. Woodworth 


U. S. Steel Co., Youngstown 
Chairman, Northern Ohio Section 


J. T. Evans, Jr. 


National Supply Co., Torrance, Calif. 
Executive Chairman, Western Section 


George B. McMeans 


Kaiser Steel Corp., Fontana, Calif. 
Permanent Chairman, Western Section 
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Titan Metal Manufacturing Company produces a wide range of brass 


billets for extrusion purposes, made from 80 different alloys, in this 


T.. Titan Metal Manufacturing Company, Bellefonte, 
Pennsylvania, major producer of first-quality brass 
and bronze products, has standardized on Taylor Silli- 
manite No. 217 “Ajax” Ramming Mix for forming the 
secondary blocks of their Ajax-Wyatt induction fur- 
naces. Comparative tests have proved to Titan that 
Taylor Sillimanite (TASIL) gives 


and increased furnace production. A recent annual 


longer lining life 


average for all of their TASIL 


linings amounted to 


Exclusive Agents in Canada: 
REFRACTORIES ENGINEERING AND ‘SUPPLIES, tTD. 
end M 


battery of induction melting furnaces lined with Taylor Sillimanite. 


TAYLOR 
-Sillimanite 
teams with | 4 


for cost-cutting 
production of 
brass and bronze 


4,000,000 pounds of yellow brass per lining. 


You'll hear the same story whenever comparative 
tests are made. TASIL No. 217 Ramming Mix was 
designed solely for forming the crucible section and 
secondary blocks of low frequency induction furnaces 
melting yellow brass and high copper alloys. It is 
known for low permeability—high refractoriness— 
good ramming properties and high density. Test TASIL 
No. 217 Ramming Mix in your plant. 


Refractorers to industry since 1864. 


MANUFACTURERS OF REFRACTORIES CINCINNATI OHIO U.S.A 
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The Southwestern Section holds two meetings a 
year, one in February and the other in October. Re- 
cently, at the October meeting, a plant visitation was 
scheduled. The February meeting is held each year in 
St. Louis, and the October meeting at other cities, such 
as Pueblo, Colo.; Houston, Peoria, or Kansas City, Mo. 
Because of the wide geographical area covered by these 
meetings, the section has earned the title “Globe Trot- 
ters.” Average attendance at the meeting is about 110, 
but the October 1950 meeting in Houston had 127 reg- 
istrations 

The October 1950 meeting had Sheffield Steel Co., 
Houston, acting as host. The meeting, on Oct. 13, started 
off with three technical papers: “Basic Ends,” by M. H. 
Weir, Sheffield Steel Corp., Houston; “Bath Tempera- 
ture Measurements,” by D. J. Murphy, Scullin Steel 
Co., St. Louis; and “Statistical Quality Control in the 
Open Hearth,” by C. H. Bone, Sheffield Steel Corp., 
Houston. The afternoon sessions, following a luncheon 
with the compliments of the Sheffield Steel Corp., con- 
sisted of the following papers: “Combustion in the 
Open Hearth,” by J. M. Brashear, Inland Steel Co., 
East Chicago, Ind.; “Atomization with Natural Gas,” 
by Milton P. Burns, Tennessee Coal, Iron & Railroad 
Co., Birmingham; “Palletizing of Refractories,” by J. C. 
Willey, Harbison-Walker Refractories Co., Pittsburgh; 
and “Scrap Inspection and Preparation,” by R. C. 
Solomon, Jr., Granite City Steel Co., Granite City, III. 


Clarence L. King 


The 14th meeting of the section was held at the 
Deshler-Wallick Hotel, Columbus, on Oct. 27 and 28, 
1950, with 219 registrations including 13 Ohio State 
students. 

This was an off the record meeting and abstracts of 
papers presented at the April meeting with round table 
discussions were given. The following were the ab- 
stracts and those who gave them: “Optimum Fire 
Rates,” by G. C. Prim; “Handling and Sto.ing of Re- 
fractories,” by G. H. Todd; “Flow and Velocities of Air 
and Waste Gases,” by H. V. Flagg; “Mold Castings,” 
by K. C. McCutcheon; “Experiments with Small Molds 
with Rimming Steels,” a British paper by D. Binnie 
given by C. T. Grenidge. There was also a paper “Turbo 
Hearth,” by C. E. Sims and “Sulphur” by C. R. Taylor. 

The dinner had an attendance of 117 and A. H. 
Sommer, Superintendent of Steel Mills, Keystone Steel 


SOUTHWESTERN SECTION 


Sheffield Steel Corp., Kansas City, Mo 
Chairman, Southwestern Section 


Armco Steel Corp., Middletown, Ohio 
Chairman, Southern Ohio Section 


SOUTHERN OHIO SECTION 


| Local Section Activities| 


R. C. Solomon, Jr., and K. P. Campbell, Works Metal- 
lurgist of Sheffield Steel Corp., Houston, were co- 
chairmen of the meeting. 

Sheffield Steel Corp. sponsored a dinner and a boat 
trip down the Houston Industrial Ship Channel to San 
Jacinto Inn. The 17-mile boat trip was through the 
industrial heart of Houston. After dinner, Jay J. 
Martin, Vice-President of Operations, Colorado Fuel & 
Iron Corp., invited the section to be guests of CF&I in 
October 1951, an invitation that was enthusiastically 
accepted 

At the AIME annual meeting during the week of 
Feb. 19, 1951, the section held a series of technical 
sessions, a cocktail party, and a fellowship dinner. The 
meeting was on Feb. 21 at the Lennox Hotel in St. 
Louis, and consisted of three subjects for discussion: 
“Problems Concerning Pouring of Rimmed Steel,” “Use 
of Special Refractories to Increase Furnace Life in 
Cold Metal Shops,” and “Pit Refractories.” 

Officers of the section include: 

Chairman, Clarence L. King, Open Hearth Super- 
intendent, Sheffield Steel Corp., Kansas City, Mo.; 
Vice-Chairman, Gordon McMillin, Metallurgist, Gen- 
eral Steel Castings Corp., Granite City, IIL; Secretary, 
Donald MacArthur, Sales Manager, Koppers Co., Inc., 
Granite City, I. 

The next election of section officers will be in Feb- 
ruary 1952. 


Vernon Jones 


& Wire Co. was toastmaster. Dr. Geo. Benson, Presi- 
dent of Harding College was the speaker and his talk 
was on “Americanism.” The Chairman of the Open 
Hearth Committee, Vice-Chairman and Past Chairman 
were present. 

On Oct. 28 there was a meeting of the National Open 
Hearth Executive Committee and in the afternoon the 
group attended the Ohio State-Iowa football game. 

Officers for the secticn are: 

Chairman, Vernon Junes, Superirtendent Steel Pro- 
duction, Armco Steel Corp., Middletown, Ohio; Treas- 
urer, H. P. Gaw, Works Metallurgist, Armco Steel 
— East Works Metallurgical Dept., Middletown, 

io. 

The meeting this year will be held in Columbus, at 
the Deshler-Wallick Hotel, Oct. 26 and 27. The football 
game will be Ohio State vs. Iowa. 
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TO THE NEEDS 
OF THE NATION 


ONE 
CONTRACT 
ONE 


The Loftus organization, one of the largest in the 
country with specialists in all phases of industrial 
heating, is now, as in former emergencies, engaged 
in the designing and construction of Forging and 
Heat Treating equipment for the production of 


all types of armament. 


~ 
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YDesigners and Builders of industrial Furnaces 


eel, 


"RON 4 


Members and Friends: 


The Board of Directors of the american Institute of Linine and hetallurgicel 
cngineers, The cxecutive Board of the Blast Furnace, Coke Oven and Raw leterials 
Committee, and the National Open Hearth Committee extends to you e cordial invi- 
tation to attend the 34th Conference to be held in the statler .otel, Cleveland, 
Monday, Tuesdey, end sednesdey, Apr. 2, 5, and 4, 1951. 


We are pleased to report that, through the combined efforts of the Blast Furnece, 
Coke Cven and xew Meterial vommittee and Open Nearth Committee, and the Physical 

Chemistry of Steel Making vommittee, an interesting and comprehensive progran has 
been prepared. 


We extend e cordial invitation to all to attend the informal reception at 6:30 pm, 
Tuesday, and the Annual Fellowship Dinner, which will follow at 7:20 pm. At this 
dinner, we will be pleased to present our speaker, T. F. Patton, Vice-President 
end Generel Counsel, Kepublic Steel Corp. The toastmaster will be A. J. .opcraft, 
Purchasing Agent, Clevelend dorm & Gear Co. 


Operating and technical sessions will be held on Tuesday end Wednesday, Apr. 5 and 
4. The program will consist of a series of papers and discussions covering various 
technical phases and operating problems in the coke oven, blast furnace, and open 
hearth processes. 


The committees that planned and arranged this Conference have worked herd, and we 
wish to express our gratitude and anpreciation for their fine work end cooperation. 
#e also wish to express our sincere thanks to urnest Kirkendall for his capable 
and efficient help. 


Increased production is the order of the day, either through new expansion or 
technological improvements, end our program was planned with this in mind, 
therefore, we urge that you plan to attend tuis S4th conference in Cleveland on 
Apr. 2, 2, and 4, particularly operating men; repair end maintenance men; metal- 
lurgical, ceramic and refractory engineers; raw material, equipment, machinery, 
anc other suppliers; observers, and any others interested in increased iron and 


Mle 


K. ©. lcvutcheon, Ciwirman 
Blast Furnace, Coke Oven 
an’? Rew Committee 


H. WM. Griffith, Chairuwan 
Netional Open Hearth vomittee 
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Blast Furnace, Coke Oven 


and Raw Materials Committees 


Chairman: 
K. C. McCutcheon 


Y 


Vice-Chairman: 
Fordyce Coburn 


Vice-Chairman: 
C. G. Hogberg 


Secretary: 
Kurt Neustaetter 


Program Committee 


Chairman: Samuel Naismith 
F. M. Becker 

B. B. Frost 

R. P. Liggett 

H. P. Soxer 

J. M. Walsh, Jr 


R. P. Wheatley 


C. G. HOGBERG 


T. F. PATTON, Vice-Presi- 
dent and General Counsel, 
Republic Stee! Corp., will be 
the speaker at the Annual 
Fellowship Dinner. 


KURT NEUSTAETTER 
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Finance Committee 
Chairman: C. L. Wyman 


J. P. Bankson 

J. G. Greenwood 
V. J. Nolan 

O. R. Rice 

J Cc Rieger 


F.C. Senior 


: 
| 
y 
K. C. MeCUTCHEON f 
¥. | 
FORDYCE COBURN 


National Open Hearth 
Steel Committee 


Chairman: 
H. M. Griffith 


Past Chairman: 
E. G. Hill 


VV 


Vice-Chairman: 
A. H. Sommer 


k 


Secretary: 
Ernest Kirkendall 


Aart 


rr 


Executive Board 
L. R. Berner D. R. Mathews 


M. J. Meinen 


T. A. Cleary 


A. E. Reinhard 
A. F. Franz dee 


A. W. Thornton 


J. J. Golden 


Francis L. Toy 


H. G. Grim H. J. Walker 


C. F. Henzelman 


T. T. Watson 


A. C. Keller Clyde Williams 


A. G. HOPCRAFT, Director 
of Purchases, Cleveland 
Worm & Gear Co. and the 
Farval Corp., will be the 
toastmaster at the Annual 
Fellowship Dinner. 


ERNEST KIRKENDALL 
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Technical Program 


TUESDAY, APRIL 3 
9:30 am to 12:15 pm—Euclid Ballroom 


GENERAL SESSION 


Chairmen: 
Grover Holt, Manager of Minnesota Mines, Cleve- 
land-Cliffs Iron Co., Ishpeming, Mich 
Cc. L. Wyman, Executive Director, Lake Ore Coal & 
Vessel Comm., Cleveland 


1. Opening Remarks: 
K. C. McCutcheon, Asst. to Vice President Opera- 
tions, Armco Steel Corp., Ashland, Ky 


Iron Ore Beneficiation: Current Practices and 

Trends: 

S. E. Erickson, Beneficiation Engineer, M. A. Hanna 
Co., Hibbing, Minn. Preprinted. 


3. Low Temperature Coke as a Reactive Carbon: 
C. E. Lesher, President, Disco Co. (Retired). Pre- 
printed, MINING ENGINEERING, July, 1950 


1. A Look at Sweden's Iron and Steel Industry: 
T. L. Joseph, Assistant Dean, School of Mines and 
Metallurgy, University of Minnesota, Minnea- 
pol.s. Preprinted 


2:00 pm to 5:00 pm—Pine Room 
COAL AND COKE SESSION 


Chairmen: 
F. M. Becker, Assistant to Chairman, Coke Oven 
Committee, U. S. Steel Co., Pittsburgh 
Cc. C. Russell, Fuel Engineer, Koppers Co., Inc., 
Pittsburgh 


1. Theoretical and Practical Aspects of Coal and Coke 
Testing: 
B. P. Mulcahy, President, Fuel Research Lab., Inc., 
Indianapolis. Preprinted 


An Appraisal of Mineable Coking Coal Reserves in 

the United States: 

A. L. Toenges, Mining Engineer, Central Experi- 
ment Station, U.S. Bureau of Mines, Pittsburgh. 
Preprinted. 


2:00 pm to 5:00 pm—Ohio Room 
AGGLOMERATED MATERIALS SESSION 
Chairmen: 
G. R. Baer, Superintendent Blast Furnaces, Beth- 
lehem Steel Co., Johnstown, Pa 
F. D. DeVaney, Director of Research, Pickands- 
Mather & Co., Hibbing, Minn 


1. Symposium—New Developmvnts in Sintering Plant 
Design and Operation: 
M. F. Morgan, Consultant, Arthur G. McKee & Co., 
Cleveland 
C. G. Bigelow, Associate Engineer, Freyn Engineer- 
ing Co., Chicago. Preprinted 


303A—JOURNAL OF METALS, APRIL 1951 


Blast Furnace, Coke Oven, Raw Material 


Committee 


A. A. Nilsen, Sales Engineer, and W. J. Urban, 
American Ore Reclamation Co., Chicago. Pre- 
printed. 


2. Symposium—Physical Testing of Iron Bearing Raw 
Materials: 
R. J. Morton, Concentration Engineer, Oliver Iron 
Mining Co., Duluth, Minn 
F. M. Hamilton, Research Engineer, Jones & 
Laughlin Steel Corp., Negaunee, Mich. Pre- 
printed. 
R. W. Hyde, President, Sintering Machinery Corp., 
Summit, N. J. Preprinted. 


WEDNESDAY, APRIL 4 
9:30 am to 12:15 pm—Euclid Ballroom 


GENERAL BLAST FURNACE SESSION 


Chairmen: 

T. F. Plimpton, Assistant General Superintendent, 
Industrial Relations, Inland Steel Co., E. Chi- 
cago, Ind. 

H. P. Saxer, Superintendent Blast Furnaces, Jones 
& Laughlin Steel Corp., Pittsburgh. 


1. Statistical Analysis Becomes of Age: 
D. S. Leckie, Quality Control Engineer, Republic 
Steel Corp., Cleveland. Preprinted 
2. Carbon Hearth Furnaces in the United States: 
H. M. Kraner, Ceramic Engineer, Bethlehem Steel 
Co., Bethlehem, Pa. 


3. Relative Reducibility of Ores and Agglomerated 
Materials In Various Stages of Oxidation: 
Carl Ludwig, The Bonnot Co., Canton, Ohio. Pre- 
printed 


2:00 pm to 5:00 pm—Euclid Ballroom 
BLAST FURNACE OPERATION SESSION 


Chairmen: 
O. E. Clark, General Superintendent, Hamilton 
Plant, Armco Steel Corp., Hamilton, Ohio. 
R. R. Liggett, General Superintendent Blast Fur- 
naces, Republic Steel Corp., Cleveland. 


1. Results Obtained from use of High MgO in Slags: 
L. F. Moore, Superintendent Blast Furnaces, Geneva 
Steel Co., Salt Lake City, Utah. Preprinted. 


2. Procedure Used in Quenching and Digging Out a 
Blast Furnace, and Some Results: 
K. C. McCutcheon, Assistant to Vice President 
Operztions, W. E. Marshall, and H. C. Barnes, 
Armco Steel Corp., Ashland, Ky. Preprinted. 


3. Operation of Sheffield Steel Corp. Blast Furnace, 
Houston, Texas: 
F. C. Davies, General Superintendent, Blast Fur- 
naces and Coke Ovens, Sheffield Steel Corp., 
Kansas City, Mo. Preprinted. 
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Technical Program 


National Open Hearth 


TUESDAY, APRIL 3 
9:00 am—Grand Ballroom 


OPEN HEARTH GENERAL SESSION 


Welcoming Remarks 
By H. M. Griffith, Works Mgr., Steel Co. of Canada, 
Ltd., Hamilton, Ont., Canada, General Chairman 
National Open Hearth Committee, AIME. 
Announcements and Reports 


McKune Award Paper 


10:00 am to 12:15 pm—Grand Ballroom 
BASIC OPEN HEARTH—OPERATING SESSION | 


Chairmen: 


V. W. Jones, Superintendent Steel Production, 
Armco Steel Corp., Middletown, Ohio. 

R. P. Carpenter, Open Hearth Superintendent, Re- 
public Steel Corp., Cleveland. 


Methods of Increasing Open Hearth Production: 
A. Scrap preparation 


a. quality b. inspection 


B. Means of decreasing charging time 
ec. density 


a. pan size 
d. auxiliary equipment 


b. door size 
Other delays 


a. bottom 
b. bank and fettling 


ec. mechanical 
d. electrical 


D. Furnace operation 
a. firing rate—multiple burners and use of 
oxygen 
b. size of heat—increased hearth area vs. depth 
of bath 
E. Charge oxides 


a. low silica iron ore b. sinter and briquettes 
ce. flush off practice 


F. Feed ore and oxygen 


G. Limestone 


a. type and size b. weight 


H. Finishing practice, blocking 

I. Other factors, including iron quality 

G. C. Lawton, Superintendent No. 2 Open Hearth, 
Inland Steel Co., E. Chicago, Ind. 

C. W. Drabers, Wheeling Steel Corp., Steubenville, 
Ohio 


W. W. Bergmann, Open Hearth Superintendent, 
Armco Steel Corp., Middletown, Ohio. 


W. F. Bowers, Superintendent Open Hearth, Kaiser 
Steel Corp., Fontana, Cal. 


Steel Committee 


E. J. Dattisman, Assistant Div. Superintendent 
Open Hearth, Homestead Works, U.S. Steel Co., 
Munhall, Pa. 


10:00 am to 12:15 pm— Ohio Room 


ACID OPEN HEARTH—OPERATING SESSION 
Chairmen: 


R. W. Devine, Superintendent, Erie Forge Co., Erie, 
Pa. 

F. C. T. Daniels, Vice President, Mackintosh-Hemp- 
hill Co., Pittsburgh. 


Some Metallurgical Advantages of the Acid Open 

Hearth Process: 

H. P. Rassbach, Metallurgical Engineer, Electro 
Metallurgical Co., Union Carbide & Carbon Corp., 
Chicago. 

Types of Charges and Their Effect on Production 

Rate: 

J. B. Kopec, Research Engineer, Acid Open Hearth 
Research Assn., Inc., Pittsburgh. 


2:00 pm to 5:00 pm—Euclid Ballroom 


OPEN HEARTH—REFRACTORIES AND MASONRY 


SESSION 


Chairmen: 


C. G. Poth, Mason Superintendent, Republic Steel 
Corp., Massillon, Ohio. 

B. L. Dorsey, Refractories Engineer, Jones & 
Laughlin Steel Corp., Pittsburgh. 


Announcements 
A. AISI Bibliography 


Silica Brick Quality: 
W. S. Debenham, Research Associate, U.S. Steel Co., 
Pittsburgh. 


Zebra Roof Construction: 

C. G. Poth, Mason Superintendent, Republic Steel 
Corp., Massillon, Ohio. 

Discussion by E. B. Snyder, Refractories Engineer, 
Wheeling Steel Corp., Steubenville, Ohio. 


Bottom Construction—Bottom Materials: 

H. M. Kraner, Ceramic Engineer, Bethlehem Steel 
Co., Bethlehem, Pa. 

C. C. Benton, Asst. Superintendent, Open Hearth 
Dept., Fairfield Steel Works, T.C.I. and R.R. Co., 
Fairfield, Ala. 

Discussion by H. W. Potter, Lukens Steel Co., 
Coatesville, Pa.; H. L. Allen, Jr., Asst. District 
Manager, Republic Steel Corp., Buffalo, N. Y. 


Pouring Pit Refractories: 

Discussion by Adam Lilly, Superintendent Masons, 
Inland Steel Co., E. Chicago, Ind.; B. L. Dorsey, 
Refractories Engineer, Jones & Laughlin Steel 
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Republic Steel Corp., Canton, Ohio 


Open discussion from manufacturers as to what 
they are doing to increase the manufacture of 
ladle brick to keep in step with the increase in 


steel production. 


TUESDAY, APRIL 3 


2:00 pm te 5:00 pm—Grand Ballroom 


OPEN HEARTH—QUALITY AND METALLURGY 


SESSION 


Chairmen: 
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J. F. Pollack, Assistant to Superintendent Open 
Hearth & Bessemer, Jones & Laughlin Steel 
Corp., Pittsburgh 

E. B. McGinley, Chief Metallurgist, Ohio Works, 

U.S. Steel Co., Youngstown, Ohio 


Recent Developments in Open Hearth Bath Tem- 
perature Control—Methods Used, Thermocouple vs. 
Bath Pyrometer: 
A. Specific temperature ranges established for 
various grades 
B. Frequency of unreliable réadings 
C. Nature of adjustments performed when read- 
ings are outside of desired range 
D. Benefits derived 
R. J. McCurdy, Superintendent No. 2 Melt Shop, 
Republic Steel Corp., Chicago 
W. T. Sergy, Steel Works Metallurgist, Jones & 
Laughlin Steel Corp., Pittsburgh 
R. H. Frushour, Assistant Superintendent Open 
Hearth, U.S. Steel Co., Braddock, Pa 


Factors Affecting Spread in Manganese Between 

First and Last Ingots: 

Ralph Hindson, Plant Metallurgist, Steel Co. of 
Canada, Ltd., Hamilton, Ontario 


M. Tenenbaum, Metallurgist, Inland Steel Co., E 
Chicago, Ind 


Factors Affecting Surface of 40-55 Carbon Killed 

Steel: 

A. Delivery C. Furnace working practice 

B. Sulphur D. Mold condition 

E. Mold coating practice 

D. J. Taylor, Open Hearth Metallurgist, Jones & 
Laughlin Steel Corp., Aliquippa, Pa 

L. W. Fleming, Open Hearth Development Metal- 
lurgist, U.S. Steel Co., Gary, Ind 

A. K. Moore, Superintendent Open Hearth, Steel 
Co. of Canada, Ltd., Hamilton, Ontario 

A. E. Reinhard, Superintendent Steel Products, 

Great Lakes Steel Corp., Detroit 


Production of Capped Steel Over 0.15 Pct C: 


A. Furnace practice 

B. Ladle additions 

C. Mold design and preparation 

D. Mold additions and pouring practice 

E. N. Hibbert, Chief Process Metallurgist, U.S. Steel 
Co., Youngstown, Ohio 

A. Lami, Steel Works Metallurgist, Pittsburgh 

Steel Co., Monessen, Pa 


Co., Pittsburgh; M. P. Fedock, Ceramic Engineer, 5. Statistical Approach in Control of Open Hearth & 


Blooming Mill Quality: 

J. L. Searry, Chief Process Metallurgist, and D. A. 
Hayes, Chief Control Metallurgist, U.S. Steel Co., 
Homestead, Pa 

C. R. Taylor, Supervising Metallurgist, Armco Steel 

Corp., Middletown, Ohio. 


Control of Low Carbon Rimming & Killed Steel for 

Deep Drawing Quality: 

A. Slag control procedure 

B. Ladle deoxidation schedule 

C. Responsibility for ladle deoxidation 

D. Procedure on reaction heats 

E. Temperature 

A. E. Reinhard, Superintendent Steel Production, 
Great Lakes Steel Corp., Detroit. 

K. L. Fetters, Asst. to Vice President Operations, 
Youngstown Sheet & Tube Co., Youngstown, Ohio 


WEDNESDAY, APRIL 4 
9:30 am to 12:15 pm—Grand Ballroom 


BASIC OPEN HEARTH—OPERATING SESSION II 


Chairmen: 


D. R. Mathews, Open Hearth Superintendent, Alan 
Wood Steel Co., Conshohocken, Pa. 

L. P. Lias, Asst. Open Hearth Superintendent, 
Jones & Laughlin Steel Corp., Cleveland. 


Methods of Increasing Furnace Availability: 

A. Methods used for reducing rebuilding time 
a. scheduling repairs c. time saving equipment 
b. use of basic brick d. suspended construction 

R. M. Baker, Superintendent, Open Hearth, Beth- 
lehem Steel Co., Sparrows Point, Md. 

C. W. Conn, General Superintendent Ingot Produc- 
tion, Ford Motor Co., Dearborn, Mich. 

S. J. Dougherty, Metallurgical Engineer, Weirton 
Steel Co., Weirton, W. Va. 

H. J. Walker, General Superintendent Steel Plant, 

Republic Steel Corp., Warren, Ohio. 


Furnace Design for Increased Production: 
A. Checker designs 
a. single vs 2 pass checkers _ b. size of openings 
B. Uptake areas 
C. Throat construction 
D. Roof construction—shape and height above 
foreplate level 
Front and backwall construction 
F. Water cooling equipment 
D. R. Loughrey, Superintendent Steel Works, Jones 
& Laughlin Steel Corp., Pittsburgh. 
J. M. Brashear, Asst. Superintendent No. 2 Open 
Hearth, Inland Steel Co., E. Chicago, Ind. 
J. L. Hyland, Chairman Open Hearth Committee, 
Republic Steel Corp., Cleveland. 


Suppliers who have parlors for entertaining 
have been requested and are anxious to cooperate 
in closing their rooms during technical sessions 
and the dinner on Tuesday. Please help them co- 
operate by voluntarily leaving or avoiding their 
rooms at these times. 
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9:30 am to 12:15 pm—Ohio Room B. Tramp alloys in scrap and methods of reduc- 
tion and control 


OPEN HEARTH—COLD METAL PRACTICE AND Wilt H. Steinheider, Open Hearth Metallurgist, 
BASIC FOUNDRY SESSION Sheffield Steel Corp., Kansas City, Mo. 


Chairmen: 2:00 pm to 4:30 pm—Grand Ballroom 


R. C. Solomon, Jr., Superintendent of Operations, 
Granite City Steel Co., Granite City, IL. OPEN HEARTH—FUELS AND COMBUSTION 
C. B. Jenni, Metallurgist, General Steel Castings SESSION 


Corp., Eddystone, Pa. 


Chairmen: 

. A. K. Moore, Superintendent Open Hearth, Steel 

1. Linings for Cupolas in Open Hearth Shops: Co. of Canada, Ltd., Hamilton, Ontario. 

A. J. Fisher, Asst. Chief Engineer of Construction, 
Bethlehem Steel Co., Bethlehem, Pa. 


P. R. Sultzbach, Superintendent Construction, 
Stanley Works, Bridgeport, Conn. 

J. Willis, Metallurgist, Central Iron & Steel Co., 
Harrisburg, Pa. 


1. Flow Patterns in Open Hearth Furnaces: 


J. H. Chesters, Asst. Director of Research, United 
2. High Iron or Ore Charges in Cold Metal Heats: Steel Co., Ltd., Moorgate, Rotherham, England. 
Sound color motion picture. 


H. M. Parker, Open Hearth Superintendent, Armco 
Steel Corp., Butler, Pa. 


New Developments in Combination Fuels: 


3. Refractories and Their Performance in Cold Metal A. Use of high pressure gas 
Shops: a. atomization of liquid fuel b. flame direction 
M. P. Burns, Fuel Engineer, Tennessee Coal, Iron 

A. Basic brick (ends and front walls) & Railroad Co. 


B. Super duty silica brick 
C. Alternate courses basic brick in roof (Zebra 3. Use of Additives to Liquid Fuels to Minimize De- 


roof) posit in Storage Tanks: 
Paul Akin, Asst. Plant Supt., Laclede Steel Co., 
Alton, IL. G. H. Krapf, Division Superintendent, Power & 


Fuel, U.S. Steel Co., Homestead, Pa. 


H. C. Paxson, Asst. General Superintendent, 
Masonry, Lukens Steel Co., Coatesville, Pa. 


Charles Kay, American Steel & Wire Co., Worces- 
ter, Mass. 4. Waste Gas Analyses—Where to Take Samples: 


E.T. W. Bailey, Fuel Engineer, Steel Co. of Canada, 
4. Selection and Performance of Pouring Refractories J Me. 

in Basic Steel Foundry Practice: Drashear, Asst. ouperinvende o. 
——- Hearth, Inland Steel Co., E. Chicago, Ind. 


A. 


Runners B. Ladles 
C Dantes and tegper Rents 5. Use of Filtered Water and Effect on Maintenance 
James L. Jennings, Senior Melter, General Steel of Water Cooled Equipment: 
Castings Corp., Granite City, I]. 


B. Dagan, Div. Superintendent Iron & Steel, Kaiser 
Steel Corp., Fontana, Calif. 

Harold Christy, Superintendent Power & Fuel 
Dept., Colorado Fuel and Iron Corp., Pueblo, 

A. Scrap preparation to reduce charging time Colo. 


5. Problems Pertaining to Scrap: 


BLAST FURNACE LUNCHEON ANNUAL FELLOWSHIP DINNER 


Wednesday, April 4 Tuesday, April 3 
12:30 to 2:00 pm—Pine Room 6:30 pm — Euclid Ballroom 

Annual Luncheon and Business Meeting, Blast Reception and Cocktail Party for dinner guests i 
Furnace, Coke Oven and Raw Materials Com- 7:00 pm — Grand Ballroom E 
mittee Annual Fellowship Dinner it 

K. C. McCutcheon, Chairman Toastmaster: A. G. Hopcraft, Director of Pur- 
Everyone attending the Blast Furnace, Coke Oven chases, Cleveland Worm & Gear Co., and The 
and Raw Materials sessions is invited to attend Farval Corp., Cleveland. 
this luncheon and annual business meeting. Speaker: T. F. Patton, Vice President and General 


Counsel, Republic Steel Corp. 


(Tickets $3.50, tips and tax included; see page 3.) 
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Quenching and Digging Out 


A Blast Furnace 


N the Spring of 1948 an experimental run was 


made in the small blast furnace at the Mines 
Experiment Station of the University of Minnesota, a 
using various proportions of ore and pelletized mag- ot 
netite concentrates, ending up with an iron bearing & 
burden consisting of 100 pct pellets made from Min- © 1 
nesota taconite, and pelletized at the 


Mines Experiment Station 


The results will not be reported at this time other i amie oy, 
than to say that the run demonstrated that increas- ee as 
ing amounts up to 100 pct pellets could be used in 
this furnace, and corroborated laboratory findings “IO A Fig No.2 
on good reducibility of pellets. This report is of the (49 
results found after the completion of the production Af 
run of the furnace, when the furnace was cooled off ayers am 
in neutral atmosphere and dug out from the top a a YZ 
down 
During the run, it was planned to leave the fur- 1 &,' Zz 
nace fully charged, let it cool in neutral atmosphere, iy — y 
and dig it out in such a way as to observe the condi- _ e t4A, FIG No. § 
tion of materials at different levels in the furnace ; ; Af, Layer 2/ 
' 
Fig. 1—Cross section of the blast furnace with dimen- . = 
sions. The turnace, during operation, was nominally filled ny ; ; . 
when the stockline fell 36 in. below the bell when closed am. j é tat 
Indicated on this section are the seven elevations from ; . 4 ----//-0 --+- fig No.6 
the top down to the tuyeres at which photographs were layer IS 
Li 
44 
It was also planned to observe the reducibility of ’ } f 
vari bearing ordinarily used in ' 
i é é é é Layer 44 
blast furnace charge. A procedure to add various 
materials was planned and carried out i. S > 
At the conclusion of the run on the furnace, a ' ‘. ) 7 __416 No.8 
number of marked, heavy screen wire containers Layer 
' 
were charged in each of the 25 rounds. These ' fie No.9 
~ 
K. C. McCUTCHEON, Assistant to Vice President of Operations, } =" Ss layer $5 
W. E. MARSHALL, and H. C. BARNES, are with Armco Steel Corp., fig 
Ashland, Ky. This paper will be presented at the Blast Furnace, 


Coke Oven, and Raw Materials Conference, Cleveland, Apr. 2 to 
4, 1951 
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by K. C. McCutct , W. E. Marshall, and H. C. Barne s 


Fig. 2—View of the stock before excavation was started. 
The final charge of ore and pellets wos put in when the 
operating stock rod showed 35 in. The highest point 
after tapping and cooling was at a location near the east 
end of the measuring rule shown, and measured 36 in. 
down. The lowest point, slightly south and west of center, 
measured 50 in. down, which shows there was at least 
a 14-in. difference in elevation when a round was charged. 
The fine material on the top of the ridge is mostly ma- 
terial used to seal the bell at the close, which fell 
through when the hopper and bells were lifted off. There 
are no pellets in the lowest point. What is seen is lime- 
stone and coke. The final pellet charge did not quite 
cover in the deepest part. Preliminary work done when 
the furnace was not in operation, filling when the stock - 
line was 56 in. down, showed that the same size charge 
completely covered the coke at the center, though thinly. 
The rod seen to the southeast is the thermocouple tube 
used to chart the cooling. 


containers held the various materials and made it 
relatively easy to locate and identify them. To fur- 
ther study the flow lines, 20 stamped metal slugs 
and 2 marked metal balls were put in each round. 

When these were charged, the furnace was cast 
dry and closed up as tightly as possible. The tuyeres 
were plugged and the furnace purged by introduc- 
ing nitrogen gas at the top, allowing it to escape by 
a pipe in the tap hole. After the furnace had been 
purged, the tap hole was closed. The pressure was 
maintained to keep nitrogen flowing out of all minor 
leaks. In this way the charge was allowed to cool, 
with the reactions arrested in a neutral atmosphere, 
by continuing to introduce nitrogen. 

When cool, the furnace was opened and dug out 
from the top down, using a system of layers, each 
divided into sections. The materials removed from 
each layer and section were separated into their 
component parts; coke, limestone, and pellets. This 
was done by screening at —4 mesh and hand-sepa- 
rating the +4 mesh. There was considerable —4 
mesh, so a record was made of the weight of the four 
components, coke, limestone, pellets, and —4 mesh 
fines in each section and layer. When fritting was 
noticed, the amounts of these masses also were 
weighed. 

Commencing at layer 12, a sample of about a 
quart of each component from each section was 
taken, approximately every 3 ft. These samples were 
saved for visual inspection and whatever later 
analyses might be desired. There were a total of 10 
layers saved. The first was 5 ft below the top of the 
stock column and the last 3 ft below the tuyere level. 

The locations of the containers were recorded, as 
found. The containers were then placed in sealed 
cans to protect the contents from the atmosphere 
until they could be opened and the contents exam- 
ined and sampled for analysis. At 6 different levels 
representing characteristic conditions, pictures were 
taken of the surface of the layer exposed. Also, pic- 
tures were taken of some of the chunks (fritted 
masses) removed from the furnace and of some of 
the containers as they were removed. 

From a careful visual observation of the material, 
as removed, it was evident that the material re- 
moved from the south side of the furnace was larger, 
and more open for gas flow. This condition checked 
with in-wall temperature measurement and visual 
observation of the tuyeres during the run. This is the 
only known blast furnace dug out under these cir- 
cumstances, and, of course, shows only what was 
going on in that furnace at that time. 

There are certain observations, however, which 
may apply to other furnaces. It is possible that 


Fig. 3—View taken when the excavation had reached 
a depth 63 in. below the top ring, 23 ft 3 in. above 
tuyeres, after layer 5 had been taken out. Each stock- 
line on which successive rounds were charged had an 
irregular cross section, somewhat as in Fig. 2, and the 
horizontal slicing method used cut into two or three 
different rounds. 
This slice wos taken through the ore (pellet) limestone 
charge, and shows limestone céncentrated mainly in the 
center with a preponderance of pellets to the north. The 
large pieces to the south are coke. This is mechanical 
segregation caused by difference in size. 
This shows the grid system which was used to check 
location of materials removed. The grid bars are at 
right angles to each other and 18 in. apart. The N in 
each picture marks north, and directly underneath at the 
ends of the N-S, E-W axes are the four tuyeres. 
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Fig. 4—A view in the midst of excavating layer 6. Sec- 
tions 2, 4, 6, and 8 are at a depth of 67 in. The four 
corner sections and the center are still at 63 in. Note 
the wire basket in section 6 against the north wall and 
the partly buried basket in section 2 
The size of the grid was decided at the beginning, and 
the depth of layer was more or less decided by the size 
of the bucket in the hoist used. The material from each 
section was stored in 54-Ib lard cans and sampled and 
screened later. 


Fig. 5A view 12 ft below the top ring, 16 ft 6 in. above 
the tuyeres, after excavating layer 21. At this point the 
furnace inwall has sloped out so that the grid contained 
21 sections. There was a wire basket visible in the 
center section, and another near the west woll 
As could be expected, the coarse coke and limestone 
are predominant in the center. The- thermocouple rod 
for measuring the temperature on cooling is still shown. 
Considerable fine material can be seen 


Fig. 6—View taken after excavating layer 35, 17 ft 6 in. 
down from the top ring, or 11 ft above the tuyeres. It 
is near the top of the straight section 
A plumb bob in the lower right section showed the loca- 
tion of the thermocouple. The white dust all around 
the walls and in the west, south, and southeast sections 
is an indication that the gas had been coming up through 
there more than elsewhere 
The material down to here, and almost 2 ft beyond, was 
perfectly loose. ‘The average degree of reduction was 
around 50 pct, and much lower in inactive areas.) 
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Fig. 7—View taken after excavating layer 44, 22 ft 1'2 
in. down from the top ring and 6 ft 4'2 in. above the 
tuyeres, and a short distance down in the bosh. (By this 
time the average degree of reduction was over 80 pct 
and the calcination of limestone almost complete.) The 
iron bearing materials were mainly stuck together in 
masses and had to be broken apart to get these in small 
enough pieces to be taken up in the bucket hoist. 
The concentration of limestone (in this case calcined) 
shown in the center indicates that, because of the 
materials sticking together, the material above moves 
down as a mass. 


Fig. 8—View taken after excavating layer 51, 25 ft 11 
in. down from the top ring and 2 ft 7 in. above the 
tuyeres. The material is loose and began to show this 
loosening some layers above. Whole pellets are seen, and 
undigested calcined lumps of lime. 
A wire basket is imbedded in the west side of the center 
section. There was one taken out in a chunk found in 
the lower center section of layer 52, the top of which 
is shown. This chunk is shown in Fig. 15. Beads of slag 
formed here, and actual melting was beginning. 


Fig. 9—View taken after digging layer 55, at a depth 
of 28 ft 6 in. below the top ring and at the center line 
of tuyeres. The north tuyere cooler is marked N. A 
chunk of chilled material similar to that remaining on 
about holf of the periphery was pealed loose. Coke and 
calcined limestone predominate in this view, but there 
are whole pellets visible. These were over 98 pct metallic 
iron 
It is interesting to note that a wire basket, urmelted, 
was removed from the center section of this layer at 
depth 27 ft 10 in., which is 7 in. above the tuyeres. 
This materia! at the tuyere level is the only material 
found adhering to the walls, which were smooth. 
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Fig. 11—View looking straight down on the conglomer 
ated mass of slag, coke, iron, and lime imbedded. The 
6-ft rule on the bottom extends through the iron top 
hole approximately to the center. The north tuyere 
cooler is to the top. The light material toward the east 
is undigested calcined limestone, by now beginning to 
slack, but originally in lump form 
The slag about 10 in. south of the rule is a light bluish 
color with a pronounced cleavage evident. A few inches 
north of the rule, the slag has a slightly yellowish cast 
and a vitreous lustre and fracture 
The shiny rounded slag masses about 12 in. north and 
west of the rule are yellowish brown, and vitreous in 
lustre and fracture. The top surface of this slag shows 
crystal facets, probably due to slow, free-surface solidifi 
cation 


Fig. 12—Bottom view of a mass of pellets, coke, lime 

stone, and fines, cemented together, which was removed 

from a section of layer 38, which was on the west wall 

between the south and west tuyeres, 10 ft 1 in. above 
the tuyere level 


Fig. 10—View looking over the north tuyere at the south 
tuyere, which shows the chilled material adhering to the 
side walls and other coolers. All the material which was 
removed from the tuyeres down was loose, and consisted 
of coke, calcined pieces of limestone, drops of iron and 
partly unmelted pellets, and fine materials. The hearth 
side wall brick are showing below the accretions 
The 6-ft rule is extending in through the iron tap hole 
and lies on a layer of solidified slag, cementing coke and 
calcined lime and iron drops. 


materials in the charge descend in layers much as 
they are charged until they reach the tuyere zone, 
because the masses of iron bearing materials descend 
into the smelting zone stuck together. Layers of 
limestone found almost intact deep in the furnace 
are a further indication of this. Most iron bearing 
material arrives at the tuyere zone unmelted and 
exuding its gangue material that far down in the 
furnace. Limestone reaches the tuyere zone and even 
below in calcined lumps, and is not digested in the 
slag until later 

In this furnace it is indicated that the slag is made 
in the hearth from some of the lime, gangue from 
the melting ore, and ash from the coke which burns 
at the tuyeres. The usual conception of a bosh slag 
made up from all the lime and all of the gangue 
from the ore was not evident. Some of the fine lime 
probably coalesced with gangue exuding from the 
ore, but mainly the lime was picked up in the hearth 

The method described is excellent for studying a 
number of problems connected with blast furnacing. 
It entails handling and sampling a lot of materials 
If repeated, some changes would be made in the 
method to get even more information 


Quenching the Blast Furnace 


At the conclusion of the final cast of the blast fur- 
nace, a steel pipe was luted into the iron notch 
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Fig. 13—Top view of the piece of agglomerate shown in 
Fig. 12. The pellets are whole, and fairly well reduced. 
Chunks of calcined limestone are evident, showing white. 
No slag beads are to be seen, nor any evidence of melting. 


through which the gases in the furnace were to be 
allowed to escape. The outer end of this pipe was 
threaded so that later a valve could be attached for 
the control of pressure in the furnace. A 's-in. pipe 
was tapped into the side of the larger vent pipe and, 
to this, a pressure gage was attached for measuring 
the pressure at this point. The upper part of the 
furnace was sealed as quickly as possible. Fine ore 
was dumped onto the lower bell, the gage rods were 
removed, the holes plugged, the downcomer pipe 
was disconnected close to the top of the furnace, and 
a blank flange was tightly bolted in place to seal this 
opening. A *4-in. pipe line extended from the top 
of the furnace to a point where nitrogen cylinders 
could be handled. The Air Reduction Sales Co. had 
provided a speciai manifold equipped with pressure 
regulating valves and gages and outlets for two 
groups of five nitrogen cylinders. It was possible to 
be using gas from one group of five cylinders while 
replacing the empty group with five full cylinders. 
As soon as the upper part of the furnace was sealed, 
the flow of nitrogen into the top of the furnace was 
started. 

A log of this cooling procedure was maintained. 
This log included the day, date, and hour at which 
a group of five cylinders were changed: the time 
interval used in emptying five cylinders; the cumu- 
lative number of hours from the time the gas flow 


of Fig. 13, still showing no slag beads nor any melting. 


Fig. 14—View of a tightly agglomerated mass from layer 


41, the lower left section, 8 ft 6 in. above the tuyere 


level. This is from an active area 18 in. lower than that 


Fig. 15—Fritted mass from layer 52, depth 26 ft 6 in., 
2 ft above the tuyeres from section 4 directly over the 
south tuyere. Note the wire basket in the left end. 
This view shows coke, lime, and pellets, with globules 
of slag on some of the pellets. 
This mass contains the basket mentioned in Fig. 9. It 
is noted that some beads of slag are shown, but the 
pellets show no sign of melting and the calcined lime- 
stone is undigested. 


Fig. 16—Two pieces of agglomerate with small slag 

beads on the surface of the pellets are shown 1 3 actual 

size. Sample | is from the center section of layer 47, at 

a depth of 23 ft 10 in. Sample 2 is from the upper left 

section of layer 51, at a depth of 25 ft 11 in. These 

are close-ups to show slag beads on unmelted pellets, 
and also undigested limestone. 
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Fig. 17—Slag beads are 
shown more clearly in this 
enlarged view. At the top 
is @ piece broken from 
sample |, and below is a 
piece broken from sample 2 
of Fig. 16. 


Fig. 18—The top picture is 
the internal appearance of 
a pellet from sample | after 
fracture The magnifica 
tion is 4X.) The lower 
picture is the some for 
sample 2 


nitrogen 


number of 
and the temperature reading at the vari- 


was started; the cumulated 
cevlinder 
ous times noted 

The first 50 cylinders of nitrogen were of the type 
known as oil-pumped, special, dry. The last 130 
cylinders were described as pressure nitrogen. The 
were said to contain approximately 224 
cu ft of gas 

The temperatures recorded were those indicated 
by a thermocouple extending down through the top 
of the furnace through a vertical thermocouple well 
which extended from the top, a distance of about 
14 ft. A break occurred in these temperature read- 
ings, caused by a broken thermocouple and later by 
a mechanical difficulty with one of the temperature 


evlinders 


recorders 

On the morning of the start of the quenching 
operations, a manomete! connected to an opening 
into the furnace just above the mantle showed a 
pressure of about 3 in. of water at 6:50 am. At 7:05, 
this pressure dropped to about 1%, in. and, with a 
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Fig. 19—The top picture shows the structure of the ma- 
terial in sample | after polishing. The white material 
is metallic iron. At this level, the iron bearing materials 
are essentially sponge iron ready to melt. The lower 
picture is the same for sample 2. (Magnification 100X.) 


few minor fluctuations, gradually dropped to 1 in. 
at 11:40 am. At that time, the pressure dropped to 
only a little over atmospheric and continued low 
for the balance of the time. The pressure at the iron 
notch was indicated by a draft gage. A positive pres- 
sure was maintained here at all times. Toward the 
end of the cooling period, this pressure was allowed 
to drop to very slightly more than atmospheric. 

Water was allowed to flow through the various 
water coolers on the furnace throughout a greater 
portion of the cooling period. 
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Sintering 


Nonferrous Metals 


by A. A. Nilsen and W. J. Urban 


HE need for larger tonnages and lower costs has 
had a decided effect on nonferrous industry think- 
ing in relation to sintering problems toward larger 
permanent plants and larger and heavier equipment. 

Of necessity the nonferrous industry for a number 
of years has thought in terms of very small, cheaply 
constructed plants and equipment. Natural gas has 
been and still is vitally important. For this reason, 
plants were usually located near the source of cheap 
and plentiful natural gas. When the gas supply gave 
out, the plant was torn down and moved to a new 
location. Buildings and equipment were of light con- 
struction so that parts were easily transferred from 
one location to another. The buildings were usually 
of wood construction with from two to ten small 
sintering machines, rather than a steel building with 
one or two large machines as is the custom in the 
iron industry. 

In recent years natural gas has been piped to prac- 
tically all points in the United States from the large 
producing fields. As one field gives out, a new field 
can be connected to the pipe line system. Therefore, 
it has become unnecessary to continually move the 
plants. It is now possible to build permanent plants 
and equip them with heavier and larger machinery 

American Ore Reclamation Co. has designed or 
acted as consultants in the design of four nonferrous 
plants in recent years. In addition to designing the 
plant, a great deal of the equipment has been fur- 
nished by the company, designed especially for the 
job required. Two of these plants are for sintering 
zine concentrate and two for lead concentrate. 

Basically, nonferrous sintering is no different than 
ferrous sintering. Both require storage bins, feeders, 
conveyors, pug mills, sintering machines, fans, etc 
The nonferrous industry started using the continu- 
ous type sintering machine in the early 1900's. These 
machines were 42 in. wide x 22 ft long and of light 
construction. This 42-in. wide machine is still in 
common use throughout the industry and, except for 
the increase in length, is basically the same as those 
installed 40 or 50 years ago. Most nonferrous sinter- 
ing is done in two stages; therefore it is quite com- 


Fig. | (top)—A 12-ft sintering machine. Fig. 2 (center) — 
A revolving type pelletizing machine. Fig. 3 ‘bottom’—A 
mill in which mixing and pelletizing are done in the same unit. 


mon for a lead or zine plant to have a dozen or more 
machines in the same building. 

It is only recently that the 60 and 72-in. wide ma- 
chines have replaced the smaller machine. Now in- 
dustry has gone all out for low-operating costs and 
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is replacing small machines with machines that are 
10 and 12 ft wide 

Three 10-ft wide machines are now being built to 
be used on lead concentrates, and a 12-ft machine 
has been built for use in zinc sintering. These ma- 
chines were designed by American Ore Reclamation 
Co. and built to specifications 

Fig. 1 shows the 12-ft machine set up in the 
shop for a light test run. The machine is 168 ft 
iong over the windboxes. It has an active sintering 
area of 2016 sq ft. The overall length of the machine 
is 210 ft, the width, 18 ft. and it is approximately 15 
ft high. The machine is so well balanced that a ll, 
hp motor drove it during the test run 

The pallets are of cast steel, in one piece, with 
removable side plates for a maximum bed depth of 
13 in. To eliminate pallet corner wear, the drive and 
discharge curved track are designed that the corners 
roll on each other, instead of rub 

To take care of windbox expansion, the castings 
supporting the 16 double windboxes are free to ex- 
pand longitudinally 3% in. from a fixed point ap- 
proximately midway of the machine. The windboxes 
are held in position laterally by guides formed by 
the rail chairs 

Comparing this new machine with the AORCO 
16-windbox sintering machine, of 612 sq ft hearth 
area in common use in the iron industry, it can be 
seen that this machine has approximately 31/3 
times as much area. It is equivalent to more than 26 
of the 42 in. x 22 ft machines now in the 
nonferrous industry 


use in 


A remark commonly heard when the large sinter- 
ing machine is discussed is, “I wouldn’t want to put 
all my eggs in one basket. I'd rather have 3 small 
machines than one large one.” Some of the advan- 
tages of the large machine, to name just a few, are: 
1—A smaller building is required to house one 12 
ft machine than twenty-six 42 in. or three 72 in.: 
2—Only one feeding system is required. Therefore 
there is a major savings in auxiliary equipment and 


building; 3—Less operating labor is required; 4 
There is less maintenance, because of less equip- 
ment; and 5—Better utilization of fan capacity by 


elimination of possible points of air leakage is pos- 
sible 

Only a few of the advantages have been listed, 
but savings on supervision power, product control, 
and numerous other items could be included 

If sufficient raw material is not available for a 
machine of this size, it is better to use smaller 
machines; but when sufficient tonnage is available, 
the large machine should considered. With 
present labor conditions, it is economically sounder 
to provide one machine to produce the required ton- 
in five even four days than 
produce the same tonnage on smaller machines with 
seven-day operations 


be 


nage days or possibly 


Although this machine has been built for use in 
sintering zinc concentrates, it 
iron sintering 


can be adapted to 
especially on sintering large tonnages 
of taconite concentrates Conservatively, a machine 
of this size would produce over 4000 tons per 24-hr 
lay. If used for sintering ore, flue dust. and scale, 
this machine should produce up to 6000 tons per day. 

A nonferrous plant is basically the same as a fer- 
rous plant, with a few exceptions Preparing the 
mixture for the sintering machine is usually dif- 
ferent. Because of the fineness of the concentrates 
used in these plants, more care is required to pro- 
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perly prepare the mixture before it is laid down on 
the sintering machine. The method of preparing the 
charge varies in different plants. In one plant con- 
centrates with their carbonaceous fuel and very fine 
returns are pugged, put through a flaking roll, then 
passed through a pelletizer before being fed by 
means of a swinging spout to the sintering machine. 

In another plant the green ore with a high sulphur 

content is mixed with a large proportion of fine 

sinter to dilute the sulphur so that the necessity of 
roasters and two-pass sintering is eliminated. 

In the majority of nonferrous plants being built 
today, pelletizers, drum pug mills, and other equip- 
ment are being installed to assure that the mix is 
properly prepared for the sintering machine: and 
almost all of these plants lay a protecting cover or 
layer on the grates before the sintering charge 

Figs. 2 and 3 show two types of pelletizers used in 
nonferrous sintering. One is a revolving drum with- 
out a paddle shaft where the feed has been mixed 
before entering the pelletizer and the other is a mill 
in which both mixing and pelletizing are done 

Both the zinc and lead plants in the past have 
done without dust collectors. The gases were pulled 
directly from the sintering machine through the 
fan. This thinking has changed in order to reduce 
cost of fan repairs and also to reclaim valuable 
metals in the dust. Now efficient dust collectors and 
bag houses are being installed so that the gases are 
thoroughly cleaned. Where sulphuric acid is a by- 
product, gases are scrubbed 

In zine sintering a conventional windbox con- 
nected to a collector main and dust collector can be 
used. In the lead industry other factors change this 
picture. In sintering lead concentrates with a high 
percentage of lead, a considerable amount of metal- 
lic lead is sucked through the grate bars, present- 
ing a serious problem of disposal. In plants using 
the dry windbox system, windboxes are designed 
with cleanout doors for manually disposing of the 
accumulation of windbox lead. The sintering ma- 
chine is shut down every 4 to 8 hr and this material 
is raked out of the windboxes into hoppers adja- 
cent to the sintering machine or into wheelbarrows. 
At best it is a hot, dirty job 

In some plants the lead di ippings fall into a water 
bath and solidify. Dropping this lead into water 
eliminates forming large slabs of lead as happens in 
the dry system. Disposing of these drippings is ac- 
complished by periodically flushing the windboxes 
or manually raking out through a trough so designed 
that this can be accomplished without stopping the 
sintering machine. The latest method is to provide a 
water bath with a beit conveyor or rake mechanism 
to continuously remove the drippings. This method 
requires no shutdown or manual labor. 

In most lead and zinc sintering, sulphur plays a 
major part. If the SO. is to be reclaimed. the ma- 
chine has to be designed for the minimum of air 
leakage, as the concentration of SO must be as high 
as possible. Whether the SO. is reclaimed or not, the 
suction system has to be designed so that there is no 
possibility of corrosion caused by stagnant sulphuric 
acid fumes 

Great strides have been made in sintering non- 
ferrous metals in the past few years, and it is be- 
lieved more revolutionary ideas will come from the 
industry in the future. The iron industry could bene- 


fit from the nonferrous industry especially in the 


agglomeration problems now being faced on the 
Mesabi range. 
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l the late thirties, the National Carbide Co. co- 
operated with C. E. Wood, of the U. S. Bureau of 
Mines, in his investigation of the relative merits of 
various desulphurizers, including soda ash, caustic 
soda, and calcium carbide. Laboratory tests showed 
that carbide, when it could be made to react, is an 
excellent desulphurizing agent for molten iron. Sul- 
phur content can be driven to lower levels and 
higher extractions obtained with carbide than with 
any of the more common reagents. Wood's results 
are shown in Table I. 

Unfortunately, as the Handbook of Cupola Opera- 
tion puts it, the chemical fact that carbide is a good 
desulphurizer was of only academic interest because 
it was found to be extremely difficult to devise a 
practical means to make it react with molten iron. 
Calcium carbide is formed in the electric furnace 
at 4000°F and above, and its softening point is prob- 
ably at least 500°F above the usual working tem- 
peratures encountered in iron and steel practice. 
Consequently, carbide does not form a true slag but 
floats as a dry powder on top of the metal and only 
a very small portion of it ever comes in actual con- 
tact with the iron. Stirring with a rabble, or pour- 
ing the metal over the carbide, increases the effi- 
ciency only slightly. Extractions of 20 to 30 pet can 
be obtained in this manner, but conventional soda 
slag treatment can do better than this and do it 
more cheaply. 

All attempts to lower the melting point of car- 
bide in order to obtain a reactive, liquid slag have 
so far proved fruitless. Directly under the arc in a 
metallurgical electric furnace, carbide becomes 
highly reactive. Excellent sulphur removal can be 
obtained without any slag other than a thin layer 
of carbide.’ Similarly, good results are obtained by 
adding small amounts of carbide to the finishing 
slag in double-slag are furnace practice. 

To react a liquid with a solid, it is axiomatic that 
the liquid has to wet the solid before anything can 
happen. If the solid is heavier than the liquid, the 
problem is easy, but it becomes more difficult when 
the solid is much lighter than the liquid, as in the 
case of carbide and liquid iron. Wood recognized 
this problem and solved it in a unique fashion. The 
results shown in Table I were obtained by spinning 
the carbide beneath the surface of the molten iron 
by means of a refractory centrifuge. This technique 
allowed each particle of the finely divided carbide 
to come into intimate contact with the metal and to 
be wetted thereby. 

Wood's centrifuge technique was successful in the 
laboratory where it achieved excellent and con- 
sistent results. Some attempts were made to expand 
this method to commercial practice, but serious dif- 
ficulty was encountered in obtaining a refractory 
centrifuge head that would be economically feasible 
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Table |—Crucible Tests with the Mechanical Dispersing Unit 


Sulphur im Metal, Pct Sul- Lb of 
phur we Cay 
Final Re- Lb per of per Lb 
Test Ini- 2-Min from moved, Net Charge, of S Re- 
No. tial Sample Inget Pet Ton G moved* 
126 0.097 0.007 0.007 92.7 10 1600 5.56 
127 0.083 0.012 0.009 89.2 10 1600 6.75 
132 0.096 0.027 0.019 80.2 10 1600 6.50 


* This column calculated from Wood's figures' shown in rest of 
table 


About this time the war intervened and the project 
lay dormant for several years. 

In 1944, it was revived. It was suggested that the 
carbide could be blown into the metal with a carrier 
gas in an attempt to eliminate the necessity for the 
expensive and brittle centrifuge. The idea was first 
tried out in a fairly large ladle of iron using natural 
gas as the carrier. Considerable sulphur was re- 
moved, but it was quite obvious that the use of 
natural gas was not practical. 

Attempts then were made to blow carbide into 
molten iron using, in turn, nitrogen, argon, carbon 
dioxide, air, and oxygen. The latter two gases proved 
unsatisfactory. Calcium evidently prefers oxygen to 
sulphur because in the tests calcium oxide and car- 
bon dioxide were produced, the sulphur still being 
untouched in the iron. Nitrogen, argon, and carbon 
dioxide gave much better results, although the effi- 
ciencies and extractions were erratic, and only a 
few isolated tests approached the results obtained 
by Wood. Table II shows typical results obtained 
with these gases. The sulphur removals were in- 
teresting, sometimes even encouraging, but it is 
evident that such erratic behavior could not be 
tolerated in commercial practice. 

A number of different types of equipment, such as 
sand blasting machines, refractory guns, and the 
like were used to blow the solid into the metal. All 
types required relatively large quantities of gas in 
order to maintain the flow of solid carbide through 
the system and into the metal. It was observed 
that the bubbles of gas breaking through the surface 
of the metal contained,quantities of unreacted car- 
bide. The liquid metal never came in contact with 
these particles and if it cannot wet them it cannot 
react with them. 

The initial work had shown that carbide had 
great possibilities as a desulphurizer. In practice 
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Desulphurizing Molten Iron with Calcium Carbid . 
esulphurizing Moiten Iron with Calcium Carbide 

% by S. D. Baumer and P. M. Hulme 
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Fig. 1—Original screw feed carbide injection device 


the centrifuge method of injection could not be 
applied on an economical basis, but the blowing 
method showed definite possibilities, provided a 
method could be found to properly inject the car- 
bide without the use of too much gas. With this 
consideration in mind, the real work of developing 
a process for using carbide as a desulphurizing 


agent in iron began 


Apparatus Development 


The first hand-operated apparatus, shown in Fig. 
1, is merely a crude form of screw feed made from 
a carpenter's brace and bit and a few pieces of pipe 
The apparatus was calibrated so that the weight of 
carbide delivered per revolution of the brace was 
known. Then, by counting the revolutions, it was 
possible to control the feed. Gas was introduced into 
the system at the end of the screw feeder and the 
flow controlled by a regulator and flowmeter. Car- 
bon tubes of ‘2 in. ID were used for injection pipes 

Chateaugay pig, steel scrap, and iron sulphide 
were used to make up test heats which were melted 
in either a 100 or a 500-lb induction furnace. Analy- 
sis was adjusted to give an iron containing approxi- 
mately 3.00 pet C, 0.150 S, 0.75 Mn, and 0.60 Si 
When the metal was melted and the temperature 
reached 2650 F, any slag formed was skimmed off 
and the starting sample taken. The gas was started 
in the injection apparatus, the tube lowered into 
the metal and a predetermined amount of carbide 
injected into the melt 

The screw-feed method of introducing carbide 
enables the gas flow and the carbide flow to be 
independently controlled. It was found that particu- 
larly good results were obtained with only very 
light flows of gas. This is in marked contrast to the 


Table !!|—Typical Results Using Carrier Gas Only 
Witnout Screw Feed 


Lb Ca,, 
Int- Wtof perLbs 
tal S Final Ss Metal. Lb Removed 
0.168 0.085 50.1 35,000 23.9 
0.172 0.145 15.7 12.000 46 
0.159 0.045 55.1 24.000 42.5 
0.155 0.019*° 92.7 27.000 13.1 
0.161 0.071 55.8 11,000 56.1 

°¢g take from bott f ladle 
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blowing method which uses anywhere from 50 to 
100 cu ft of gas per lb of carbide injected, as com- 
pared to as little as 0.25 cu ft per lb with the screw- 
feed method. With the screw-feed apparatus, crude 
as it was, results were obtained at once which com- 
pare in every way with those reported by Wood. 

The next logical step was to put a small motor 
in place of the hand brace. After a few heats with 
this mechanized feeder, the present style feed 
mechanism was designed and built, as shown in 
Fig. 2. The principle is exactly the same as the 
hand-operated machine. The motor-operated screw 
is controlled by a Graham Variable Speed trans- 
mission capable of adjustment from 0 to 450 rpm. 
The whole mechanism can be raised or lowered by 
means of an air cylinder and can be rotated on 
a vertical axis through an are of 150°. This was 
mounted between the 100 and 500-lb induction fur- 
naces so that it could be used in either. The carbide 
hopper was placed directly on top of the feed mech- 
anism above the sight-feed glass. 


Laboratory Results, 100 and 400-Lb Batches of Iron 


Neither time nor resources were available to con- 
duct a complete scientific research. The primary ob- 
ject of the laboratory work was to answer enough 
questions so that the pilot-plant stage could be 
started with some reasonable hope of success. The 
main question to be determined was: “Can 90 pct of 
the sulphur be removed from 3.00 pet carbon iron by 
means of calcium carbide on a basis which is eco- 
nomically competitive with other methods?” The 
results, Table III, indicate that it can be done 

Heat No. 96 was the first carbide heat using the 
hand feeder. At this stage it had not been learned 
how to salt the heat with sulphur to obtain high 
enough levels. However, it was quite encouraging 
to be able to take sulphur from 0.076 down to 0.005, 
a 93.5 pet extraction, in only 3 min. Three heats 
later, on heat No. 99, a phenomenal 98.7 pct extrac- 
tion was obtained in 5 min with an expenditure of 
only 9.7 lb of carbide per Ib of sulphur removed 
During the course of this heat a most important 
point was observed. Injection time was 2.17 min and 
the sample taken directly after completion of injec- 
tion analyzed 0.035 pet S. After waiting 5 min, the 
iron showed only 0.002 pct S 

Heat No. 100, not shown in the table, was run to 
test this. Carbide was injected at the rate of 1 lb per 
min for 1.5 min. A sample was then taken and the 
slag removed. This first sample showed a drop from 
the original 0.145 pet S to 0.045 pct S. After 2 min, a 
second sample analyzed 0.014 pet S and after 5 min, 
0.008 pet S. At this time, there was some very light 
slag noticeable on the surface of the metal. This 
lead to the conclusion, which has subsequently been 
strengthened, that the calcium sulphide which is 
formed by dispersing carbide into the metal takes 
an appreciab'e time to float to the surface. Total sui- 
phur is analyzed in the samples taken irrespective 
of wnether it is in the form of iron or calcium sul- 
phide. Therefore, although the reaction between the 
carbide and the sulphur is quite rapid, at least 8 to 
10 min should be allowed after completion of injec- 
tion in order to allow the metal to clear itself of the 
dispersed, finely divided calcium sulphide 

Heat No. 101 is interesting, not because the sul- 
phur extraction is high, but because the starting 
sulphur is so high. Only 1 lb of carbide was injected 
and 130 points of sulphur removed at a ratio of 7.7 
lb of carbide per lb of sulphur removed. On the next 
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heat, No. 102, 217 points were removed with a ratio 
of 6.0 lb carbide per Ib of sulphur 

The question then arose: ““Would soda ash, given 
the same opportunity to contact the iron, give com- 
parable results?” Heat No. 116 answers that ques- 
tion. Lime, caustic soda, and mixtures of lime, soda 
ash, carbide, and spar were tried in turn, with 
equally unsatisfactory results. 

Up to this point, 100 lb had constituted the stand- 
ard heat. However, in order to test whether size had 
any effect on the results, a number of 400-lb heats 
were run in the 500-lb induction furnace with the 
results shown in heats No. 122 through No. 124 
Rates of feed were increased from 0.6 to 0.8 lb per 
min up to as high as 6 lb per min. The extractions 
were all better than 90 pct and the ratios of pounds 
carbide per pound sulphur removed were good 

A series of tests then were run to determine 
whether or not dilution of the carbide with cheaper, 
finely divided lime would prove more economical 
than straight carbide. The best result obtained is 
shown in heat No. 135. In this heat a good extrac- 
tion was obtained but far more carbide was used to 
obtain it than would be necessary if carbide alone 
had been used. 

The effect of adding ferromanganese to the mix- 
ture is shown in heat No. 143 

The 2-in. OD, '2-in. ID carbon tubes being used 
were very satisfactory for this test work where they 
withstood several immersions of 2 to 3-min dura- 
tion. Obviously, however, this material is unsuited 
to commercial operations where immersion times 
would be far longer and even continuous. A number 
of refractory coverings were tried and the best ap- 
parently was Korundal, a high-alumina product, put 
out by Harbison-Walker Co. Heats No. 150 through 
No. 169 were run using this type tube. Heats No. 150 
through No. 156 show that tube material has little, 
if any, effect on the results either on 100 or 400-lb 
batches. On heat No. 161, a return to the idea of 
lime dilution was made with good extraction but 
poor carbide-sulphur ratio. 


Pilot-Plant Development 
After observing the laboratory work and the re- 
sults obtained, officials of the American Tube and 
Stamping Plant Div. of the Stanley Works, Bridge- 
port, Conn., made facilities available for testing the 


process on a pilot-plant scale. 


Desulphurizer Feed 

Rate, 

Heat Metal, Lb per 
Type Lb Min 


96. 100 Cac 1.7 0.85 
97 100 Cat 1.5 0.65 
99 100 CaC 1.5 0.69 
101 100 Cac 1.0 0.62 
102 100 Cat 1.3 0.69 
111 100 Cat 19 0.88 
112 100 Cat 14 0.65 
116 100 Na-COo 1.2 0.55 
122 400 7.2 5.4 
123 400 Cac 5.2 
124 400 Cac 6.0 6.0 
125 00 Cac 12 24 
135 100 Cat 80 pct 2 3.9 
CaO 20 pet 
14 100 Cal 72 pet 1 3.7 


150 100 Cat 1.56 4.25 

151 100 Cal 1.94 4.7 

156 400 Cal 7.16 4.25 
Cat 3.34 
Cat 
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Fig. 2—Carbide feed injection apparatus. 


At Bridgeport, hot metal for the open hearths is 
produced in 54-in. cupolas. There are two cupolas 
which operate on a 72 to 96-hr cycle. While one is 
producing, the other is being relined. Metal flows at 
the rate of 12 tons per hr through a front-slagging 
trap into a holding ladle from which it is trans- 
ferred, as needed, to the open hearths. 

Some consideration was given to treating the hot 
metal in the transfer ladle. The average quantity 
transferred per ladle is 35,000 lb which, at 0.150 pet, 
gives a total content of 62.5 lb of sulphur. In order 
to extract 90 pct, or 56.25 lb, 562.5 lb of carbide 
would be necessary. The injection equipment, already 
developed, delivered carbide at a maximum rate of 
20 lb per min, which meant that it would take more 
than 28 min to make the injection; this, plus a 10- 
min wait to clear the metal of calcium sulphide, 
would give a total of 38-min tie-up of the ladle. To 
design an injection machine for more rapid flows 
was not advisable at this stage. Because of its pos- 


Sulphurs 
Contact Desulphur- 

Pet Ex- Time, izing 
Start Finish tracted Min ILbs 

0.076 0.005 93.5 3 24.0 
0.010 89.0 4 18.75 

0.002 98.7 5 9.7 

0.119 52.2 4 7.7 

0.060 78.4 10 6.0 

0.021 84.5 10 12.9 

0.027 80.5 3 12.5 

0.100 24.2 10 37.6 

0.007 95.5 10 12.2 

0.006 95.5 10 13.3 

0.008 93.5 10 10.8 

0.014 92.5 10 7A 

0.008 95.5 10 32.5 

0.184 0.044 76.0 10 22.7 


0.178 0.005 97.2 10 9.0 
0.176 0.018 89.9 10 12.3 
0.188 0.009 95.0 10 10.0 
0.164 0.007 19.5 
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Fig. 3—Sketch of 1700-Ib desulphurizing forehearth 


ible effect on needed production, all idea of carry- 
ing out test work in transfer ladle was abandoned 

It was decided to attempt to desulphurize the 
metal continuously as it left the cupola slag trap 
\ forehearth was installed parallel to the runner 
carrying the metal from the trap to the holding 
ladle; the stream of molten metal could be split to 
bypass a portion of the iron through this forehearth 
it could be treated with carbide continuously 
by the same equipment used in the laboratory. The 
forehearth 
allow settling time for the calcium carbide to clear 
the metal. At the full rate of flow the 


proportions of the were calculated to 


capacity 


hould be 4000 lb. This proved to be too large to fit 
into the available space. The largest forehearth which 
could be installed without interfering with produc- 
tion held 1700 lb. However, in order to get the in- 
formation necessary, it was decided to build the 
1700-lb forehearth although it was 15 pct too small 
to allow clearance of all the calcium sulphide formed 
n the reaction at metal flows of 6 tons per hi 

Fig hows a sketch of the forehearth, and Fig. 4 
hows its position in relation to the cupola. It was 
i rectangular box made of '2-in. welded steel plate 
lined 2'2 in. of insulating brick next to the 


ell and faced with 4's in. of chrome-magnesite 
brick in direct contact with the molten metal. The 
hearth area was | ft wide x 3 ft long, and the depth 
of metal was 15 in. at full 6 tons per hr flow. The 
divided by a submerged baffle into two 


Fig. 4—Showing forehearth position with relation to cupola, 
slag trap, and runners 


316—JOURNAL OF METALS, APRIL 1951 


sections. The untreated metal from the cupola run- 
ner flowed into the hearth on one side of this baffle 
where the injection of the fine carbide took place. 
The incoming metal and the churning action of the 
injected gas and carbide created considerable turbu- 
lance in this section, which gave the metal every 
opportunity to contact the solid carbide particles. 
The metal and the resulting slag rose and flowed 
over the dividing baffle to the outlet and skimming 
section of the hearth. Here the body of metal was 
relatively quiet and the solid particles of slag and 
calcium sulphide had an opportunity to float to the 
surface where they were skimmed off. The clean 
metal flowed out of the forehearth through a “tea- 
pot” spout which drew the metal from near the 
bottom of this section 

The whole forehearth was heated to working tem- 
perature before starting operations, but no firing 
was necessary after the full flow was attained 

A 1000-lb capacity carbide hopper, Fig. 5, was 
located between the cupolas on the charging floor 
level. Carbide flowed by gravity through a 2-in. gate 


¢ 


Fig. S—A 1000-Ib 
carbide hopper 


valve, and a 2-in. hose to the sight-feed glass above 
the screw-feed mechanism. A nitrogen atmosphere 
Was maintained at about 8 psi maximum on the car- 
bide hopper. This served both to keep the carbide 
dry and to balance the gas pressure in the entire 
system when the injection tube was immersed 

The injection tubes were made up as shown in 
Fig. 6. An extra-heavy-walled. welded l-in. ID 
steel pipe served as the inner tube. To protect this 
working tube from metal and slag attack, it was 
fitted with refractory tubes similar to stopper rod 
sleeves. These were cemented in place by plastic 
chrome ore. The flared outlet nozzle was found essen- 
tial to prevent bridging and plugging of the tube 
The screw feeder was fitted with a revolution coun- 
ter. The screw delivered a definite quantity per 
revolution, therefore the counter measured the 
pounds of carbide feed directly. The rate of feed was 
adjusted by means of the control wheel on the 
Graham Variable Speed Drive 

From the beginning of operations of the pilot 
plant, the chemistry compared favorably with the 
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batch operations on a laboratory scale. The basic 
figure of 10 lb of carbide per lb of sulphur removed 
was confirmed and while none of the continuous 
runs reached sulphur levels in the double “0” range, 
the 0.01 to 0.02 pet range was easily maintained. 
Because the forehearth was overloaded, it was felt 
that this caused some carry-over of calcium sulphide 
and that a larger hearth would produce lower sul- 
phur levels and higher carbide efficiencies. 

A typical run is shown in Fig. 7. At the start of 
the injection of carbide, there is 1700 lb of iron resi- 
dent in the forehearth containing 0.176 pct S. The 
treatment begins to remove the sulphur from the 
metal and transfer it to the slag. At the same time, 
new metal containing 0.176 pct S is entering the 
system, and treated metal is leaving it at the same 
rate. As a result the sulphur comes down rapidly 
at first and gradually slows down, until a level of 
sulphur content is reached, where the rate of sul- 
phur removal just balances the new sulphur coming 
in with the untreated metal. The rate at which this 
equilibrium can be reached is increased by increas- 
ing the carbide feed at the start of operations and 
then cutting back on the carbide feed until it is just 
sufficient to balance the incoming sulphur. 

Fig. 8 shows how this is accomplished and also 
the effect of maintaining the balanced carbide feed 


Eatra Heavy Welded 
tee! Pipe 


Fig. 6—Sketch of 
re i injection tube. 


while increasing the rate of metal flow. As expected, 
the sulphur in the outgoing metal rises to a higher 
level. Naturally, therefore, when the metal flow is 
increased after balance is reached, the carbide feed 
rate must be increased in order to balance the sul- 
phur at the desired low level. 

The major difficulties were either mechanical or 
physical. It took considerable effort to evolve the 
relatively simple injection tube used. In the labo- 
ratory, carbon tubes of uniform bore had been used, 
but these would not stand more than 5 or 10 min of 
continuous immersion. 

All refractory-covered tubes plugged after a few 
minutes immersion until the trick of flaring the exit 
end was discovered. Numerous types of refractory 
cover were tried, including graphite, clay-graphite, 
chrome, magnesite, mullite, zirconia, and clay. The 
best found was a fairly high silica clay, which is 
relatively cheap, stands the heat shock of immer- 
sion, and will last continuously in contact with the 
carbide slag from 4 to 5 hr. Changing a tube is a 
rapid and simple process so, while better tubes may 
be forthcoming at some future date, they will have 
to be really remarkable in their lasting powers to 
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Fig. 7—Typical pilot-plant run 


compete economically with the cheap clay tube. 
Fig. 9 shows a tube injecting carbide into the molten 
iron. 

The slag formed was dry, crumbly, and quite volu- 
minous. It did not run off even though its level was 
a number of inches above the skimming breast. It 
had to be dragged out mechanically. All attempts to 
add fluxing agents, such as spar, borax, etc., to the 
slag caused immediate and serious reversion of the 
sulphur to the metal. The slag, at first, was pulled 
off by hand rabbles into cast iron pots. Eventually, 
an air-operated rabble was built and the slag dragged 
off mechanically into a water trough which carried 
it to the slag dump-car. Fig. 10 shows the mechanical 
slagger in action, and Fig. 11 shows a general view 
of the entire pilot-plant assembly. 

Trouble with the rabble heads was anticipated 
but it never materialized. When the slagging ma- 
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Fig. 8—Showing effect of increased feed rate 
at start and varying flow of iron. 
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Fig. 11—View of entire pilot-plant assembly 


on, the duration of the pilot-plant runs was limited 


Nevertheless, there appears to be no reason to doubt 


that the process can be operated continuously for 
indefinite periods, if the forehearth is properly de- 


ned and the metal flow is reasonably consistent 


Fig. 9—Tube working injecting carbide into 


Conclusions 
molten iron 


1—Calcium carbide can be made to desulphurize 

chine was adjusted so that the bottom edge of the molten iron either on a batch or a continuous flow 
operation 

inch, a head made of 1-in. steel plate lasted for 2—-When properly applied, it can consistently ex- 

hours. A light clay wash prevented serious sticking tract better than 90 pct of the sulphur content 

of slag on the head and. if som« did accumulate it 3 About 

was easily taken off with a sharp blow of a hamme: 


Demand of the open hearths for met; 


blade cleared the urface of the metal by about an 


10 to 12 lb of carbide is required per 
pound of sulphur removed 
- and other 4—There was no reversion of sulphur to the metal 


cupola operating circumstances apart from the pilot from the carbide sla 


except when attempts were 


operation, made it mp« ible to get continuous run made to change the composition of the slag 
of more than 5-hr duration. A tated above, space »—The efficiency appears to be independent of 
wa trictly limited so that the wall thickne ot the 


the sulphur level in the metal, and also independent 
of the temperature of the metal, at least in the range 


forehearth was relatively thin. The temperature 


lo by radiation in the ystem wa pute large 2550 to 2850 F 
yuntin oO 0 netal w ru 
: amounting to about 100°F when the metal was run 6—The process is more expensive than the con- 
through the forehearth without carbide treatment 


ventional soda treatments. The cost will be from 
\fter tarting carbide injection, the te ature $0.75 to $2.00 per ton of metal treated. depending 
lo rose to about 120°F at the tart, and fell to 


on the quantity of sulphur to be removed 
about 100 F again when equilib im wa eached 


7——The process will drive sulphur content to lowe 
Thi oO if | import to t nile init 

Chis | was of little importance the pilot inv levels more consistently than the conventional treat- 
ments. Sulphur levels in the 0.01 to 0.02 pct range 


and lower are easily attainable even when the start- 


ition as long as the flow of metal could be main- 


tained. Howeve when the cupola had to be hut 


‘ack of Immediate demand by the open ing sulphurs are as high as 0.200 pet 
he trea arth had to be drained 8-—When sulphur levels in the 0.06 to 0.08 pet 
of danger of seriou kulling. For this rea- 


ange are satisfactory in the treated iron, the proc- 
competitive with the conventional treat- 


ments on a straight cost basis. Below this range 
however, it appears to offer real possibilities 


Acknowledgment 


rhe authors wish to acknowledge the contribu- 
tior made to the prosecution of this development 
by the following: J. F. Connors and his staff at the 
\Ymerican Tube and Stamping Plant of the Staniev 
Works, Bridgeport, Conn.: H. R. Fisher and othet 


members of the Air Reduction Research Labora- 
tori Murray Hill, N. J.: and J. M. Crockett and 
others of the General Technical Sales Department 


of the Air Reduction Sales Co., division-of Air Re- 
duction Co., Ine 


References 
( E. Wood, E. P. Barrett, and W. F Holbrook 
Desulphurization of Pig Iron with Calcium Carbide 


Tra AIME (1940) 140, p. 87 
Fig. 10—Mechanical slagger in action J. J. Crowe: U. S. Patent No. 2.409.020 


318—JOURNAL OF METALS, APRIL 1951 TRANSACTIONS AIME 


- 
i? 
, 
: 
dow 
hearth “ 
because 
Et 


Distribution of Sulphur Between Liquid Iron and Slags of 


Low lron-Oxide Concentrations 


Desulphurization of liquid iron by reducing slags of the electric-furnace 
type was studied from 65 heats. Variations were made in basicity over a 


wide range and in FeO up to about 5 pct for their effects on desulphuriza- 
tion. The role of FeO in desulphurization from the blast furnace, to the 
electric furnace, to the oxidizing conditions of the open hearth is shown to 


HE mechanism which controls the desulphuriza- 
tion of molten iron by basic slags has been the 
object of several investigations In_ particular, 
equilibrium determinations have been made both in 
the field of basic open-hearth slags, which have a 
high iron-oxide concentration, and in the field of 
blast-furnace slags which have a very low iron- 
oxide concentration, In both cases the desulphuriza- 
tion ratio has been found to increase with increas- 
ing basicity of the slags; however, the mechanism 
of desulphurization differs in the two cases 
In basic open-hearth slags desulphurization oc- 
curs mainly as a partition of iron sulphide 


FeS = (FeS) 


and the desulphurization ratio is approximately in- 
dependent of iron-oxide concentration in the slag 
In blast-furnace slags the concentration of iron 
oxide is very low as a result of the highly reducing 
conditions in which they are formed. The con- 
trolling reaction for desulphurization is then: 


FeS + (CaO) = (CaS) (FeO) 
The slags of the reducing stage in the electric fur- 
nace have an iron-oxide concentration whith is in- 
termediate between blast-furnace and open-hearth 
slags. The study of the mechanism of desulphuriza- 
tion for these slags has been the object of this 
investigation 

The importance of low (FeO) in the slag for de- 
sulphurization was first verified by Bardenheuer 
and Geller,’ who found that high desulphurization 
ratios were obtained in highly reduced slags. It was 
recognized’ * that iron oxide in the slag becomes a 
controlling factor in desulphurization only at FeO 
concentrations approximately under 5 pct. A recent 


TRANSACTIONS AIME 


fit a relatively simple pattern of behavior. 


investigation conducted by Buehl,’ upon the sugges- 
tion of one of the authors, confirmed this opinion 
from the results obtained from a heat conducted in 
a small are furnace. 

In the present investigation, slags of very high 
basicity, such as often are encountered in the basic 
electric furnace, could not be studied, but equilib- 
rium data have been obtained for slags in a wide 
basicity range. The iron-oxide concentration in 
these slags ranged from 0.08 to 15 pet and was con- 
trolled by the addition of silicon to the metal. Other 
constituents of the slags were mainly CaO, MgO, 
SiO., Al.O,, and CaF.,. 

The experimental technique was essentiaily the 
same as that of previous investigations.” ° In an 
open magnesia-lined induction furnace, 65 lb of 
Armco ingot iron was melted. An atmosphere of 
hydrogen was maintained over the melt for 1 hr to 
bring the carbon content down to approximately 
0.010 pet maximum. The bath then was exposed to 
air for 25 min to remove hydrogen. The electrodes 
were put in place, and the furnace was operated 
from this point on in an atmosphere of nitrogen. A 
synthetic slag was added to which additions of 
silicon and iron suiphide were made. A rate study 
conducted at the beginning of this investigation had 
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Table |. Chemical Analysis 


Steel Sample Slag Sample 
Tempera 


Heat Sample ture, si o FeO FeO cad MgO CaF ALOs 


0.007 0.060 0.026 0.006 16.21 0.25 40.56 3.32 41.10 

1626 0.007 0 060 0.005 13.41 0.29 39.41 1 2 27.78 

6 HO+ 0.065 0.008 8.92 0.39 41.80 15.56 $0.25 

63% 0.063 0.026 0.009 8.57 0.53 27.58 15.92 29.74 

10 6 0.058 0.027 0.014 8.89 0.47 22.32 19.32 12.12 
16 1588 0.007 0.055 0.028 0.005 11.74 0.53 37.80 20.05 24 


9 2 1588 0.30 0.006 0.005 2.34 0.11 as 
3 
7 


50 25.60 8.14 962 
0.0084 0.005 004 5 26 5 


13.60 


6 7 1544 0.447 0.0066 0.011 1.74 0.05 1.32 16.56 24.70 4.46 0.58 
0.009 1.61 0.04 46.16 16.08 24.39 6.57 0.08 
0.017 1.13 0.02 42.44 20.88 2 
0.050 0.020 1.06 0.02 41.86 17 


106 
0.066 0.260 0.29 $8.00 


110 


0.0041 


0.210 0.0057 0.036 


0 0056 
0.391 0.0038 0 
0.377 004 ( 
0.0043 


0.0610 


0.0604 


21.61 27.76 5.32 
21.44 0.01 
22.22 31.10 6.96 
2 23.23 10.58 6.70 
0.01 0.009 26.11 29.30 7.16 
0.01 0.0116 2 : 
ool 0 0093 2 
0.01 0.0093 


0.083 0 168 0.339 0.70 0.01 


2 
27 40.90 21.95 16.87 
25 8.80 21.12 40.33 
17 2 


0.0048 


0.0073 


Total Fe 


2 

4 

t 1554 7 ’ 
1612 09 0.017 

10 1452 1.15 oo oof 

12 1622 02 oom 0.016 
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58 4.93 1.06 
3.45 1.02 
8.35 1.10 
1 10.42 5.56 
9.90 4.76 : 
1.52 2.42 
22 1644 0.645 0 0044 22.67 $2.45 3.78 0.32 
24 1619 0.628 0.0045 0.060 = 0.25 16.52 24.97 31.02 3.31 0.16 . 
t 6 1610 0.221 — 0.037 0.144 0.20 31.58 14.33 37.61 14.50 1.34 : 
1634 0.141 0.31 28.32 14.27 40.55 14.34 1.66 
1K 1717 ( 036 0.128 0.58 27.02 14.79 42.39 12.99 1.76 
12 1682 0.225 0.31 23.62 12.85 51.89 10.17 1.80 
r 4 1582 028 0.31 0.15 27.04 17.40 28.27 15.10 1.34 
le 1572 22 0.460 0.17 28.28 14.68 58.15 15.37 0.54 
20 1622 034 0.123 0.25 25.68 13.35 19.71 17.51 2.28 
s 22 1642 o.5 0.032 0.210 0.24 24.54 17.55 38.00 14.96 2.46 
a 4 1597 0.484 0.053 0.0053 0.250 0.33 26.16 14.22 41.09 14.75 2.86 
67 16 1654 0 005 0.0706 0.260 1.65 1.50 8.99 6.35 76.33 
l 1682 0.001 a 0.0785 0211 4.82 0.66 7.18 6.96 77.85 0.76 
2 687 0.001 0.0420 0.0779 0.154 1.81 1.48 4.67 7.86 80.37 1.04 
“it 2 1752 0 002 0.0181 0.128 0.045 404 0.03 42 66 15.35 5.75 194 
E ‘ 1702 0.006 0.0169 0.127 0.033 4.19 0.04 42.38 16.55 33.08 2.98 
ti 657 0.001 0.0145 0.129 0.0327 5.80 0.04 44.86 15.44 10.30 3.68 
1667 $59 10 .9¢ 17.76 69 4.59 
10 1612 
12 1647 
4 1657 
16 1652 
1 1652 j 
2 1662 
22 647 
24 1657 
1702 4.22 25.2 7.75 i 
a 69 ‘ 1617 0.220 0.057 0.160 0.25 18.26 18.235 6.11 7.09 0.25 , 
t 1654 0.398 0.054 0.170 O04 13.78 17.47 41.81 5.65 0.14 
| 1642 0 562 0.048 0.230 0.54 23.12 10.94 53.67 11.15 0.24 
- | 10 1642 0.641 0.04 0.280 0.26 $1.77 18.64 40.12 6.75 0.18 
12 1654 0.596 0.061 0.420 0.35 23.91 14.43 49.90 10.79 0.48 
a 4 1629 0 686 0.063 0.400 0.18 12.90 14.78 40.18 11.11 0.40 
6 67 0 606 0.055 0.570 0.08 36.90 19.31 31.91 10.70 0.40 
* 70 2 1582 0.18 0 062 0.027 1.71 49.07 26.30 21.09 0.34 . 
4 1554 0.33 0.065 0.058 0.58 47.54 29.76 21.68 0.36 ; 
i " 1684 0.494 0.055 0.180 0.29 41.60 28.41 28.72 0.52 
8B 0.4632 0.051 0.270 0.30 17.54 25.09 16.59 0.30 
lf 1682 0.7 0.050 0.270 0.39 13.75 23.62 41.60 0.32 
i2 1642 0.676 0.068 0.410 0.33 4.81 25.18 39.01 0.38 
72 2 O31 0.100 0.38 0.23 13.38 18.71 41.19 t.11 
4 1674 0.28 0.100 0.27 0.45 23.46 13.51 57.40 2.86 
t 652 055 0 089 0.36 0.33 36.78 20.94 41.20 041 
R 0.55 0 088 028 0.36 ‘ 4 
10 1630 0.68 0 085 0.28 0 
2 12 672 0.60 0.082 0.34 ( 4 
14 1687 068 0 082 0.32 0 
le 619 0.76 0.078 0.46 0 
74 4 1656 0.53 0.068 0.20 0.30 13.38 24.19 40.10 ‘ 
6 647 0.70 0.065 0.32 02 6.64 23.67 39.70 
8 1662 0.79 0.065 0.29 0.29 17.88 21.61 40.74 
10 642 0.78 0.093 0.80 0.25 10.20 25.64 12.50 10.58 
12 1630 0.78 a 0.077 0.92 0.19 26.12 27.70 31.89 15.60 
‘ 1622 111 0.062 1.16 0.15 26.04 29.48 29.03 15.34 ‘ 
. 16 622 1.09 0.054 1.17 0.17 23.88 29.89 28.56 16.88 
7 1 1642 1.27 0.050 1.09 0.14 25.14 44 25.72 18.34 
As Feo 
75 5.08 66 86 26.88 9 66 
4.90 66 68 26.32 078 
16 63.46 0.62 
81 66.70 029 0.87 
85 66.70 29.31 i 
80 66.76 2931 . 
m4 10 63.30 12.80 0.65 
: 14 1597 0.46 0.107 0.021 88 64.16 12.01 0.65 
» 18 1577 1.99 0.0036 01 0.026 48 64.92 11.49 
20 1590 215 0.004 0.13 0.045 45 63.48 13.32 0.61 
22 160. 2.20 0.13 0.057 28 61.80 14.95 0.75 0.58 
Dash mear t rur 
. 


shown that sulphur equilibrium was essentially ap- 
proached within 30 min after the addition of iron 
sulphide, or after a change in the composition of the 
slag. Accordingly, samples were taken at 45 to 60 
min intervals depending upon the apparent fluidity 
of the slag. Temperatures were measured just be- 
fore sampling by means of tungsten-molybdenum 
thermocouples and are considered to be correct 
within 10°C. New additions to the slag or metal 
were made immediately after sampling, including 
silicon metal additions to maintain low oxidation 
values. All sampling was accomplished by the use 
of long-handled split steel molds of the type used 
in previous investigations. 

The results of chemical analysis of the slag and 
metal samples are shown in Table I. All calcium 
present was calculated to CaO and CaF.. 

Some metallic iron was present in the slags and 
was separated by passing the slag sample over a 
Frantz iso-dynamic separator four or five times. 
The magnetic separator yielded better results than 
the determination of metallic iron by the copper 
sulphate method, the latter method accounting ap- 
parently for only a fraction of the metallic iron 
present. The analyses of chemically combined iron 
are reported in Table I as iron oxide, although they 
include any iron sulphide present in the slag. The 
analytical uncertainty is believed to be + 0.02 pct 
FeO. Other analyses were by conventional methods. 

Although the data obtained, reported in Table I, 
are of the same order of accuracy of previous in- 
vestigations, ~” it is felt that the errors involved 
are somewhat higher. One of the main controlling 
factors was iron-oxide activity of the slag. Such 
activity could not be measured from the oxygen 
concentration in the metal, since the oxygen values 
were very low, and of the same order of magnitude 
as the accuracy of the vacuum-fusion analyses 
(+0.002 pct). Hence a measure of the oxygen 
activity would come only from the evaluation of the 
iron-oxide concentration in the slag. Moreover, al- 
though the furnace atmosphere was _ controlled 
closely, small amounts of oxidation were unavoid- 
able. The iron-oxide concentration in the slag was 
probably shifting slowly and might not have been 
in complete equilibrium with the metal, especially 
with the most basic, and less fluid slags. The con- 
stancy of the sulphur ratio, after the first 30 min 
following an addition, was evidence that the de- 
sulphurization reaction reasonably approached 
equilibrium, even if others, such as the slow silicon 
reaction, were often far from equilibrium 


Analysis of Experimental Data 

In the chemical analysis of the slags, Table I, cal- 
cium present in the form of calcium sulphide was 
included in the total concentration of lime and was, 
therefore, considered to act as a base. 

The most widely accepted mechanism of desul- 
phurization, under reducing conditions, is expressed 
by the following reactions: 


FeS = (FeS) {1] 
(FeS) + (CaO) = (CaS) + (FeO) [2] 


resulting in the overall reaction: 


FeS + (CaO) = (CaS) + (FeO) [3] 
(ax) + (Ay...) 

K , [4] 
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The activity of sulphur in the slag can be assumed 
to be approximately proportional to its weight per- 
cent, for low concentrations. The activity coefficient 
of sulphur in iron, in the presence of silicon, has 
been determined by Morris and Williams’ and 
their values have been employed here for the com- 
putation of a,. A more difficult task is involved in 
the calculation of the activity of iron oxide and lime 
in the slag, since our present knowledge of the 
structure of molten slags is more of a qualitative 
than of a quantitative nature. 

On the basis of a molecular approach, FeO and 
CaF. were assumed to be neutral species. The 
basicity of the slags was expressed by a molar ratio 
for rough grading of the slags, defined as: 


(CaO) + (MgO) 


(SiO.) + (ALO,) 


The slags reported in Table I were divided on the 
basis of the value of this ratio into acid slags (b<1) 
and basic slags (b>1). Since the basic slags ranged 
in basicity from b ltob 4, it was felt that two 
different calculation bases must be employed for 
the more basic and less basic slags. It was believed 
that a boundary line between the two could be 
drawn at a value of the basicity ratio somewhere 
near b 2. 

Slags of High Basicity: The molar composition of 
slags of higher basicity was calculated by neutral- 
izing 1 mol of acids (SiO. ALO,) with 2 mols of 
bases (CaO, MgO). It was assumed, therefore, that 
these slags contained the following undissociated 
compounds: 2(CaO, MgO) -SiO.; 2(CaO, MgO) ALO,; 
CaO; MgO; FeO; CaF.. It was further assumed that 
the mol fractions of free CaO and MgO were in the 
same ratio as the ratio of their total amounts. The 
expression excess CaO is used to denote the mol 
fraction of free lime arbitrarily defined by this 
method of computation in accordance with a concept 
first introduced by Sherman and Grant 


The sulphur ratio - is plotted in Fig. 1 vs. 


mol pet FeO. The points corresponding to a basicity 
ratio b < 2.3 could not be correlated in this manner; 
hence Fig. 1 represents only points characterized 
by a basicity ratio larger than 2.3. It is felt that 
the spread of the points is mostly imputable to in- 
homogeneities of these slags, which were the most 
basic and had a limited fluidity. The spread could 
not be reduced by a correlation with basicity ratio, 
excess base, temperature, or other variables. In 
particular, the (FeO) analysis for the point at 
(«.S)/a 19.3 is believed to be in excess of the 
true value. On the same figure the points repre- 
sented by squares are average values obtained from 
the data of Grant and Chipman’ for slags of equal 
value of “excess CaO” but higher (FeO) content; 
they fit the selected curves very well. 

Slags of Intermediate Basicity: Slags included in 
this group range from 1 to 2.3 basicity ratio (all 
the leaner basic slags which were not plotted in 
Fig. 1). Their molar composition was calculated 
by neutralizing 1 mol of acids (SiO., AlO,) with 
1 mol of bases (CaO, MgO). It was assumed there- 
fore that these slags contained the following undis- 
sociated compounds: (CaO, MgO) -SiO.; (CaO, MgO) 
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Fig. 1—Effect of iron oxide in the slog upon de 
sulphurization ratio for slags of higher basicity ot 
T 1600 to 1700 C. Neutralization of the acids 
on 2:1 basis 
410.; CaO: MgO; FeO; CaF.) Again, as for the 
la of the preceding group, it was assumed that 
the mol fractions of free CaO and MgO were in 
the same ratio as the ratio of their total amounts 
rhe expression excess CaO is used to denote the 
mol fraction of free lime arbitrarily defined by this 


method of computation 


: 
The sulphur ratio is plotted in Fig. 2 vs 
a 
mol pet (FeO). It can be seen that a good correla- 
tion found between sulphur ratio, mol pet (FeO) 


and exc CaO. The point represented by a square 


ind plotted on the same figure is the average value 


of the sulphur ratio obtained from the data of Grant 
ind Chipman’ for slags of corresponding basicity 
but higher (FeO) content 
Discussion of Results 

The data plotted in Figs. 1 and 2 cover all the 
experimental slags available from this investigation, 
for temperatures ranging from 1550 to 1700°C 
The how that desulphurization is mainly con- 
trolled by two factors: Concentration of free lime, 
and concentration of iron oxide in the slag The 
desulphurization ratio is increased by increasing 
imounts of free lime and by increasing reduction 
of the la The latter factor becomes controlling 
only at the low (FeO) concentrations, presumably 
when (FeO) is lower than 2 mol pet 

A more complete interpretation of these resu!ts 
will be obtained by considering the slags of inter- 
mediate basicity, which are plotted in Fig. 2. They 
represent the largest group of slags and therefore 
appear to be the best testing ground for the assump- 
tions involved 


Magnesia has not been considered as an effective 


desulphurizer, but as a basic oxide, the effect of 
which is only to increase the basicity of the slas 
A thermodynamic justification can be reached by 
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comparing the desulphurizing power of basic oxides, 
according to the reactions: 


CaO + S= CaS + O; +12,000 cal [5] 


MgO S Mgs O; AF + 34,000 cal [6] 


The equilibrium constants for these reactions have 
been calculated by Chipman.” At 1600°C they have 
the following values: 


ay 

0.04 
Ayes 

= 1x10" [8] 


Although exact data on the activities of oxides and 
sulphides in liquid slags are lacking, it is apparent 
that lime is about 1000 times a better desulphurizer 
than magnesia, when the desulphurization is con- 
trolled by the above reactions. This conclusion was 
confirmed by Sherman and Grant,’ who found no 
effect of magnesia upon desulphurization in equilib- 
rium blast-furnace In basic open-hearth 
the sulphur removal is mainly produced by 
the distribution of iron sulphide between slag and 
metal.’ In this latter case the distribution ratio ap- 
pears to be controlled by the excess base, as ex- 
pressed by Grant and Chipman,’ and magnesia may 
play an equal role with lime in increasing the 
basicity of the slag 


slags 


slags, 


The shape of the curves plotted in Figs. 1 and 2 
suggests that in the low (FeO) range desulphuriza- 
tion is controlled predominantly by reaction 3. This 
would imply the validity of the equilibrium con- 
stant K as expressed by eq 4. Under the simplify- 
ing assumptions employed, it is possible to define 
for each slag-metal couple an equilibrium product 


FeO 
K )- (mo eO) [9] 


a.- (excess CaO) 


Fig. 2—Effect of iron oxide in the slag upon desulphur 
ization ratio for slags of intermediate basicity at T 


1550° to 1700°C. Neutralization of acids on 1:1 basis 
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Taking into account the prevailing sources of errors 
in the present investigation, the average value of K 


3) 
can be best obtained from a plot of - (mol ‘ 
a 


FeO) vs. (excess CaO). This plot is shown in Fig. 3. 
The points plotted represent all the slags of inter- 


mediate basicity (i 2.3) which are also 
plotted in Fig. 2, with the exclusion of slags analyz- 
ing more than 2.3 mol pet FeO. The temperature 
range is 1550° to 1700°C. A differentiation of the 


points on the basis of temperature had shown, how- 
ever, no significant trend; hence the effect of tem- 
perature is assumed to be small 

If K’ were constant, the points would define a 
straight line, passing through the origin of the co- 
ordinates and with a slope equal to K’. It is clear, 
however, that the points plotted define a curve and 
a variable value of K’. This can be expected since 
the range of basicity covered is very large and 
varies from b 1 to b 2.3. The plot of Fig. 3 
hows that the points characterized by a basicity 
value (b) above 1.9 diverged most from the ideal 
straight line, especially at the higher values of 
excess CaO. Such behavior can be accepted as evi- 
dence that the actual constitution of the liquid slag 

not that indicated by the arbitrary formulas as- 
umed in the present method of calculation 

A computation of the activities of slag constitu- 
ents in a pure binary CaO-SiO. slag was carried out 
by Murray and White" on the basis of assumptions 
probably more accurate than those employed in the 
present calculations. Their values would show 
that near the orthosilicate composition the activity 
of “free CaO” increases more rapidly than the 
“excess CaO.” This would justify, at least quali- 
tatively, a deviation similar to that verified in Fig. 3 

The equilibrium blast-furnace slags studied by 
Hatch and Chipman’ fall into the basicity range 
l b 1.9, and they can be plotted in Fig. 3. For 
this plot, the value of excess CaO has been calcu- 
lated in the same manner as for all other slags 
plotted in Fig. 3, namely on the basis of a 1:1 satu- 
ration of the bases. The points chosen are those 


taken at 1500°C and averaging 1.55 pct S in the 


lag. Sherman and Grant’ have shown already that 
the ratio (°;S)/S was, for these slags, directly pro- 


portional to the (ercess CaQ) The value of the 


activity of sulphur in pig iron, calculated by 
the use of the activity coefficient in the presence of 
carbon’ ff. and in the presence of silicon” f It is 
issumed that, in the presence of both carbon and 

licon, the resulting activity coefficient the prod- 


uct of the two separate values 


An average activity coefficient of 5.7 obtained, 
and the resulting ratio (°; S)/2. yields values from 
20 to 60 as compared with (°S)/S 100 to 400 
The blast-furnace slags’ were analyzed again for 
FeO and averaged 0.027 to 0.030 wt pet (FeO) 


this corresponds to an average value of 0.040 for 


the mol pct (FeO). The plot of - (mol ‘ 


FeO) vs. exrce CaO for these slag shown in Fig 


3 by the use of blac] res The points fit a 
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straight line, which can be extrapolated to the 
origin, and which also fits the points obtained in 
this investigation for 1 b 1.9. 

the agreement between blast-furnace slags and 
highlv reducing slags of the electric-furnace range 
shows that in both cases desulphurization is con- 
trolled by eq 3. The value of the equilibrium prod- 
uct K’ is obtained directly from the slope of the 
straight line in Fig. 3: 


K’ 6.5 for] b 1.9 


and 0.040 (mol 2.0 [9a] 


It also follows that the data obtained in the present 
investigation can be extrapolated to the blast-fur- 
nace range. This is shown by Fig. 4 in which the 
squares represent average values for blast-furnace 
slags at several excess CaO levels. The remaining 
points are plotted from Fig. 2. The plot is on a 
log-log basis, and the straight portion of the lines 
has an inclination of 45° in agreement with the 
approximate constancy of K’. The dashed line in 
Fig. 4 does not fit the blast-furnace data, although 
the value of excess CaO is the same for both. This 
is to be expected, since the blast-furnace slags 
under consideration all have b 1.9 and thus show 
a constant value of K’, while the points represented 
by the dashed line all have higher basicity and are 
those which deviate from the straight line in Fig. 3 

It is now possible to draw a comprehensive pic- 
ture of desulphurization in all ranges of (FeO) 
concentration. Based on the molecular theory, de- 
sulphurization is controlled by the following reac- 


tions 
FeS = (FeS) [1] 
(FeS) (CaO) = (CaS) + (FeO) [2] 
FeS + (CaO) = (CaS) + (FeO) [3] 


Under highly reducing conditions, as in the blast 
furnace, reaction 2 is pushed far to the right, and 
all or most of the sulphur in the slag is in the form 
of CaS. Pure partition of FeS plays a minor role, 
and, for all purposes of calculation, the sulphur 
in the slag in the form of (FeS) can be neglected 

In open-hearth and electric-furnace slags sulphur 
may be present both in the form of (FeS) and 


Fig. 3—Influence of basicity on the equilibrium product K’ 
Neutralization of the acids on 1:1 basis 
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Fig. 4—Extrapolation of the data for slags of inter 
mediate basicity to the range of blast-furnace slags 
Neutralization of the acids on 1:1 basis 


(CaS). The total desulphurization ratio then is 


given by the equation 
[10] 


and one may write, similarly to Bardenheuer and 
Geller’ and Wentrup 


Lee + K* — [11] 
a. a 
where 
Sy.) 
[12] 
and 
(% Se.) a, 
K [13] 
a a 


The value of L,.. depends on the composition of 
ie slag, and it is difficult to evaluate it when part 
of the sulphur in the slag is in the form of (S,,.) 
The only value known for I is that in pure iron 
oxide slag (I 3.6 at 1600°C). For slags more 
basic than the orthosilicate composition, in the ap- 
proximate range from 10 to 30 pct (FeO) the total 
ration ratio appears to be independent 


th 


desulphut 
of (FeO) concentration and excess base is the main 


Fig. 5—Assumed influence of ‘FeO! on the distribution 
coefficient of iron sulphide 
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controlling factor.’ A probable explanation of this 
result may be found in the high value of L,.. for 
these slags: In particular, at high (FeO) concentra- 
tions, (S.,) is only a fraction of the total sulphur in 
the slag, and (‘2S)/as practically coincides with 
Ly... Furthermore, L,,. is of the same order of mag- 
nitude as the partition coefficient for pure iron- 
oxide slag, so that additions of (FeO) do not affect 
it too significantly. 

This is not the case for less basic slags like the 
slags of intermediate basicity which form the bulk 
of this investigation. The partition coefficient L 
is lowered with decreasing basicity of the slag, and 
the values of (S..) cannot be neglected as soon as 
they become of the same order of magnitude as 
(S,.). The influence of (FeO) on these slags can- 
not be merely that of a diluent, for high (FeO) 
concentrations, since the partition coefficient for 
pure iron-oxide slag may be many times higher 
than that of the original slag. Hence, addition of 
FeO to slags of intermediate basicity must increase 
their partition coefficient. The plot of desulphuriza- 
tion ratio in the ternary diagram FeO (CaO 
MgO) SiO., as given by Fetters and Chipman, 
also shows a similar trend. Experimental data on 
the variation of L with (FeO) concentration, for 
a slag of given basicity, are lacking however, and 
some simplifying assumptions are necessary. On 
the basis of the work of Bardenheuer and Geller, 
one may consider L,,, to vary linearly in the whole 
(FeO) range. It is then necessary only to estimate 
the value L ,.. that L,.. will assume for (FeO) 0, 
since it is known that L, 3.6 when (FeO) 100 
pet (at 1600°C). In the present case, values of L 
were assumed which would fit the points for the two 
lower lines in Fig. 4. Accordingly, it was deter- 
mined at (FeO) 0 


b 1.7 = 0.3 
b 1.5 L*, 0.1 


The values reported for the basicity b correspond 

to an excess CaO (on 1:1 basis) 0.15 and 0.10, 

respectively, for the high magnesia slags under 

consideration 

On the basis of the chosen values of L and of 

the linearity assumed for L in the range 0 to 100 
(cS 

values of are given di- 
a. 


pet (FeO), the 


rectly in Fig. 5 as a function of mol pct (FeO) 

It is now possible to solve eq 11 which, on the 
basis of the molecular assumptions employed, can 
be written as follows: 

(excess CaQ) 


- lls 
FeO) ‘J 


a (mol 
The solution of this equation is shown in Fig. 6 
are obtained from 


The values of L, - 


Fig. 5 and are represented by the dashed lines which 


end at the point at — 3.6, and (FeO) 100 
a. 
(% Sc.) (excess CaO) 
pet. The values of — - ——— 
a. (mol © FeO) 


are expressed by the straight lines inclined at 45 
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Fig. 6—Distribution of total 
sulphur as a function of iron 
oxide in the slag. Neutraliza- 
tion of the acids on 1:1 basis. 


and represent an extrapolation from Fig. 4. The 

full lines in this diagram give the solution of eq lla 

and have been obtained by addition of the corre- 

Sr.) (Cc Sea) 

sponding values of - - and —— 


While 


as 


the lines traced for excess CaO 0.10 and 0.15 
stem from the application of definite assumptions, 
the line for excess CaO 0.22 is purely hypotheti- 
cal. All lines have been carried through to (FeO) 


( 
100 pet to show their common point at ——— 
a 


3.6: although the value of excess CaO vanishes as 
(‘; FeO) approaches 100 pct. The experimental 
points from the pertinent ranges of (excess CaO) 
are also plotted in Fig. 6. The fact that these points 
seem to substantiate the theoretical curves should 
not be taken as a proof of the correctness of the 
assumptions employed. The diagram is traced on a 
log-log basis and is greatly expanded in the range 
of the lower desulphurization ratios. In this range, 
other curves, which apparently would not be fitted 
by the points, might still be in good agreement with 
them, if plotted on a conventional scale. Thus values 
double those assumed for L*,,. could still be con- 
sidered to fit the experimental data, although they 
would appear to disagree with them, on the basis of 
the plot of Fig. 6. The full lines in Fig. 6 show that 
the mechanism of desulphurization, in the full 
range of (FeO) concentrations, can be explained by 
the reaction 3. 

It is further shown that the constancy of the 
desulphurizing ratio in a large range of (FeO) con- 
centration does not imply a mere partition of FeS 
between slag and metal but is also verified on the 
hypothesis of the overall reaction 3. When the 
basicity is sufficiently high, the constancy of the 
desulphurization ratio is extended to a large range 
of (FeO) concentration. In this range, from the 
standpoint of calculations, it is indifferent v’hether 
desulphurization is carried out by a mechanism of 
pure partition, as expressed in eq 1, or by a reaction, 
as expressed in eq 3. This is shown in Fig. 7, in 
which the range of slags of basicity higher than 2 
has been sketched in its estimated position. The 
slags investigated by Grant and Chipman’ are out- 
lined by the heavy lines, and it appears clearly that, 
for these slags, (FeO) has little effect on their de- 
sulphurizing power over a large range of iron oxide 
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concentration in the slag. Fig. 7 also illustrates how 
the different fields of steelmaking are connected by 
the desulphurization reaction. In the blast furnace, 
partition of FeS plays a minor role: In the open 
hearth it plays the main role. Finally, the reducing 
slags of the electric furnace represent the transi- 
tion between the two prevailing mechanisms. 

The previous discussion has been based on the 
assumption that molten slags are composed of mol- 
ecular compounds and their constituent oxides. 
However, as already pointed out by Hatch and 
Chipman for blast-furnace slags,’ this does not im- 
ply that the actual structure of molten slags is 
similar to that assumed in this discussion. On the 
contrary, it is more probable that the real structure 
of a slag is intermediate between an ideal ionic 
solution and a mixture of partially dissociated com- 
pounds. From the standpoint of calculations this 
would be equivalent to assuming a more complete 
dissociation of the compounds in the slag. The ex- 
pression of equilibrium in terms of atoms or groups 
of atoms, instead of definite compounds, might lead 
to a more accurate evaluation of the experimental 
results, but in the actual state of investigations the 
pertinent data lack the necessary accuracy and 
still would need some more or less arbitrary as- 
sumptions. This is particularly true for the slag 
systems studied in the present investigations, which 
are high in silica and magnesia concentrations, and 
thus require the assumption of the formation of 


Fig. 7—Desulphurizing power of basic steelmaking slags. 
Neutralization of the acids on 1:1 basis. 
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pl ned 
(FeS) 

(Cas) 


nerea 


on 


(FeO) 


the 


amounts of (FeO) in the slag (FeO 10 pet), the 
ulphur combined with lime becomes a small frac- 
tion of total sulphur present in the slag, and reac- 
tion 1 is the predominant controlling factor. The 
desulphurization ratio, in this range, is approx!- 
mately independent of the (FeO) concentration for 


basic open-hearth type 

3—Influence of CaO: For all slags containing less 
than 10 pet FeO the value of excess CaO computed 
by the method of Sherman and Grant’ is also one 
controlling factor, and the desulphurization ratio 
nereases with increasing amounts of exrce CaO 
Magnesia has little or no desulphurizing power in 
this range, its only effect being that of increasing 


the basicity of the slag 
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Vacuum Treatment of Parkes’ Process Crusts 


On a Pilot-Plant Scale 


Parkes’ process crusts were vacuum distilled using a shortened 
Pidgeon retort. Zinc was effectively removed below 800°C and re- 


covered as a zinc sheet easily stripped from the furnace liner. Lead 
distillation required about 950°C and the resulting lead condensate 
tended to stick to the thin metal liner. Final purity of residue is 


HE successful commercial application of vacuum 
distillation for the removal of zinc from lead, 
as described by W. T. Isbell,’ raises the question of 
whether or not a similar method can be used for 
other metal separations. Preliminary laboratory ex- 
periments on the vacuum distillation of Parkes’ 
crusts by one of the authors’ gave such encouraging 
results that it was decided to make a series of tests 
with large scale equipment to determine the results 
that might be expected in plant operation. The 
pilot-plant test results are reported in this paper. 

The great advantages of vacuum dezincing are its 
simplicity, the relatively low temperature of opera- 
tion, and the fact that the zine is recovered in the 
metallic state ready for use again in the desilveriza- 
tion of lead bullion. These same advantages and 
others would be realized from the vacuum distilla- 
tion of the zinc-lead-silver crusts made in the 
Parkes’ process. Zine readily will distill over at 
temperatures of 800° to 900°C as contrasted with 
the 1200°C or more used in the Faber du Faur fur- 
nace. Furthermore, the recovery of zinc as metal is 
practically perfect since there is no loss by oxida- 
tion or fuming. 

If the vacuum distillation is continued and 
hastened by raising the temperature to around 
1000°C, the lead will distill over at an appreciable 
rate and deposit in a warmer zone of the condenser. 
This lead will contain a small amount of silver, but 
it can be returned to the desilverizing kettles and 
there is not the chance of loss that there is in dis- 
posing of the rich litharge from cupelling. The 
lower temperatures required will mean a saving of 
fuel and less wear on the equipment. One further 
point is that the vacuum distillation could be run 
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limited only by nonvolatile metals such as copper. 


on a small scale practically continuously, so as to 
avoid the accumulation of large amounts of silver- 
rich material and the need of assembling a large 
crew for special cupellation runs. 

It should be pointed out here that the final purity 
of the silver residue will depend on the copper or 
iron content of the crusts, as these and other metals 
with low vapor pressure will not be eliminated. 

The idea of treating the silver-zinc-lead crusts 
from the desilverization of lead bullion by vacuum 
distillation is not a new one, but such experiments 
have not been reported, as far as can be deter- 
mined. In 1912, T. Turner presented a paper’ before 
the Institute of Metals on the vacuum distillation 
of brass, and a member of the audience suggested 
that he try his method on Parkes’ crusts. In 1935, 
W. J. Kroll, noted for his discovery of debismuthiz- 
ing lead by calcium additions, published a paper* on 
vacuum distillation of metals and pointed out possi- 
ble applications in the lead industry. 


Principles of Separation 

The successful separation of two or more metals 
by distillation depends upon an appreciable dif- 
ference in the effective vapor pressures of the metals 
in the alloy to be treated. The vapor pressures of 
the common metals have been determined with 
considerable accuracy; for example, at 800°C the 
vapor pressures of the individual metals which are 
of particular interest in this paper are’ about as 
follows: Zn, 241 mm; Pb, 0.0553 mm; and Ag, 
0.0000276 mm. 

Unfortunately, data are not available on the ac- 
tivities of the components in the ternary system 
Zn-Pb-Ag, but it can be estimated that on the basis 
of the vapor pressures of the individual metals a 
good separation can be made by distillation. The 
preliminary laboratory tests previously mentioned 
supported this assumption. 

The pilot-plant size vacuum distilling furnace is 
shown in Fig. 1. It consisted of an abbreviated 
Pidgeon retort, 5 ft long with an ID of 8 in., heated 
by six silicon carbide elements placed symmetrically 
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round and parallel to the retort. The temperature 


ail 

was measured by a chromel-alumel thermocouple 

peened to the outside of the retort under the charge 
The retort was connected directly to a 6-in. oil 

diffusion pump, Type 104, manufactured by the 

National Research Corp. The diffusion pump, in 

turn, was connected to single-stage mechanical 


vacuum pump, Type VSD 778, made by the Kinney 
Manufacturing Co. The det: 
trol and vacuum measurement can be seen from the 
A boat to hold the charge was made of 1/16- 

i and a black iron sheet was 
cold end of retort to serve as a liner 
on which the metal vapors could condense. A simple 
baffle in the connection between the retort and the 
diffusion pump effectively prevented the zinc vapors 
the pump 


uils of temperature con- 


20-gage 


in. sheet iron, 


inserted in the 


from entering 


Experimental Procedure 


The experimental work was conducted to deter- 


mine, first, the effect of time, temperature, pressure, 
and amount of charge on the quality of products 
obtained, and to determine, second, whether the 
operation could be carried out practically without 
too many difficulties 

In a typical run, the mechanical pump brought 
the pressure in the system down to 100 microns 


within 5 to 10 min at which time the diffusion pump 


was turned on. In an additional 20 min the diffusion 
pump reduced the pressure to the 10 to 30 micron 
ange where most of the runs were made. The 
evacuation of the retort was accomplished so rapidly 
that the heating could be started at the same time 
as the pumps without fear of oxidizing the charge 
When the desired furnace temperature was 
reached, little attention was needed except for an 
occasional check on the pressure and the cooling 
jacket water. At the end of the heating cycle the 
furnace was turned off and the retort was allowed 
Table |. Composition of Crusts 
Zn Pb Ac Fe, Ce 
Number Pet Pet Pet Pet Pet Total 
Crust No. 1 54.45 13.79 9.45 2.00 99 69 
Crust No, 2 63.70 8.60 26.85 0.70 99 85 
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to cool to about 200°C, then the pumps were stopped, 
and the retort was opened. In order to more nearly 
duplicate expected plant procedure, the above opera- 
tions were hastened in Runs 20 and 21 by charging 
and discharging the retort when it was almost at 
operating temperature. 


Materials, Sampling, and Analytical Methods 


The crusts used for experimentation were obtained 
from two different lead smelters; the composition of 
the crusts given in Table I are the mean of numerous 
analyses made on several samples. Crust No. 1 was 
a typical pressed crust although somewhat high in 
copper. Crust No. 2 was a liquated crust and was 
low in lead; the appreciable amount of iron was 
probably picked up from the liquating kettle. 

The products of the furnace consisted of a con- 


densate and a residue. The condensate could be 


roughly divided into a sheet, mainly zinc, which 
stripped easily from the liner and a high lead 
material from the hot end of the liner. The high 


lead material, which had condensed in the liquid 
state, consisted of small droplets and of larger 
masses which had run together and solidified. 

The condition of the residue depended on the 
operating temperature. After runs of 800°C or less 
the residue was granular and broke up easily. If 
the temperature went above 800°C, partial fusion 
or even complete melting took place and the residue 
was in one solid piece. 


Experimental Results 


The results of the various runs showed the effect 
of time, temperature, pressure, and size of charge 
on the completeness of distillation and the final 
composition of the residue. These results can be 
shown best graphically by grouping the data from 
a series of runs with but one variable. 

Effect of Time: Figs. 2 and 3 show respectively the 
weight of the various metals in the residue after 
runs of varying time on Crust No. 1, the high lead 
crust, and Crust No. 2, the liquated crust; the tem- 
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Fig. 2—Weight of metals in residue from 
distillation of Crust No. | for various 
lengths of time 


Charge, 12,000 g; temperature, 900°C; 
pressure, 17 to 40 microns. 
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perature was the same and the pressure essentially 
the same for each group. Both graphs show the 
same pattern of the early and rapid elimination of 
practically all of the zinc accompanied by a slower, 
but steady, elimination of lead, and a very gradual 
loss of silver from the residue. 

Effect of Temperature: Fig. 4 shows the weight 
of the various metals left in the residue of Crust 
No. 2 when the temperature is increased; the time 
and the amount of charge were the same and the 
pressure essentially the same in each run. The graph 
shows that the zinc is removed effectively at the 
lowest temperature used, but that the higher 
temperatures are needed for the removal of the lead 
if a time of 3 hr is used. 

Effect of Charging Hot Retort: The time of the 
runs reported in the previous sections refer to the 
time at operating temperature; the time to bring the 
retort to temperature and to cool it was not included. 
This raises two questions: First, how much of the 
effective distillation takes place in the heating and 
cooling times, and second, can the retort be charged 
and discharged while hot without detrimental oxi- 
dation of the charge or the products? To settle these 
points, two runs were made in which the retort was 
charged at 800°C, sealed and pumped down, brought 
to 900°C, held for 3 hr, cooled to 850°C, and then 
opened. The products were removed immediately; 
the overall time was about 4 hr. 

As can be seen from Fig. 5, the results are much 
the same as with the longer procedure. Only on the 
weight of lead left in the residue can it be seen that 
the distillation during the heating and cooling peri- 
ods helps eliminate a slight amount more of metal. 
The elimination of zinc is so nearly complete in all 
instances that no difference can be detected, and the 
distillation of silver is so slight that no difference 
can be seen. 

Certainly the hot charging had no detrimental 
effect that can be noticed and accomplished almost 
as much as the runs with the long heating and 


cooling periods. 


40004 


Fig. 3—Weight of metals in residue from 
distillation of Crust No. 2 for various 
lengths of time. 


Charge, 8854 g; temperature, 950°C; 
pressure, 17 to 32 microns 
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Fig. 4—Weight of metals in residue from 
distillation of Crust No. 2 at various 
temperatures. 


Charge, 8854 g; time, 3 br; vacuum, 
28 to 50 microns. 


Effect of Pressure: The rate of distillation of all 
of the metals should be greater at lower residual 
pressures in the retort. The question arises as to 
whether the slightly greater rate of distillation war- 
rants the use of pressures as low as 10 to 30 microns. 
These lower ranges almost require a diffusion pump 
in the circuit, if any speed of pumping is desired. 

Several runs were made using only the mechanical 
pump so that pressures of 120 to 135 microns were 
measured. The results of these runs also are shown 
in Fig. 5 and again any difference is only apparent 
in the lead content. The amount of lead eliminated 
after 3 hr at 900°C is not quite as great at the 
higher pressures. However, this difference is so 
slight that a small increase in the time or tempera- 
ture would overcome it. It would appear that there 
is no real advantage in using pressures less than 100 
or 150 microns. 

Effect of Size of Charge: The retort used for these 
experiments was only 5 ft long as compared with the 
10 ft retorts used at some commercial magnesium 
plants. These commercial retorts could take a much 
larger charge, so it was desirable to know how the 
size of charge would affect the distillation. The 
results are shown in Table II. 

Apparently the zinc is evaporated for the most 
part in the heating period before the charge becomes 
molten. Since in the solid state the surface area is 
a function of amount of charge, about the same 


Distillation of Crust No. 1, 900°C, 3 Hr, 17 to 40 Microns 


Table II 


Pb 


Zn 


Evap- Evap- Evap- Evap- 

Charge, Charged, orated, orated, Charged, orated, orated, 
G G G Pet G ; Pet 
3,555 1936 1936 100.0 1201 1183 98.5 
8.858 4823 4701 97.8 2993 2105 709 
12,000 6734 6494 96.3 4055 1978 48.6 
18,028 9810 9481 96.6 6092 1946 32.0 
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Fig. 5 (\left!—Weight of metals in residue after distillation of Crust No. 2 at 
different pressures and with different conditions of charging and discharging 
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degree of zinc removal is obtained. The major por- 
tion of the lead, however, is evaporated after the 
temperature is above the melting point of the crust, 
and in this case the surface area is independent of 
amount of charge except with respect to the cross- 
section of the boat at various depths. The boat 
which was used apparently had a cross-section such 
that at the operating conditions about 2000 g of Pb 
could be evaporated in 3 hr. From these data then 
the optimum charge for the given conditions and 
the boat being used can be calculated. 

Loss of Silver to Condensate: With the extended 
time and higher temperatures_ necessary for the 
distillation of lead, some silver will also be carried 
over into the condensate. This carry-over is not a 
true loss as the silver will be largely in the con- 
densed zinc and lead which can be returned to the 
desilverizing kettles 

The distribution of the silver in the various pro- 
ducts is shown in Fig. 6 and in Table HI which 
records the results of a run in which both the lead 
and zine were removed almost completely. The final 
purity of the residue was kept down by the excessive 
amount of copper in the original crusts. It can be 


Table tI!. Distillation of Crust No. 1, 1000 °C, 3 Hr, 21 Microns 


Re- Re- Re- Re- 
cove cov- cov- 
ery ery ery ery 
Wt, Pb, Pb, Zn Zn Ac Ag. Cu, Cu, 


G Pet Pet Pet Pet Pet Pet Pet Pet 


Charge 8851 33.79 1000 5445 100.0 945 100.0 2.00 100.0 
Sheet 

Condensate 6154 19.14 39.4 7477 1006 0.34 29 0.05 18 
G ular 

Condensate 1705 88.18 50.3 4.25 2.9 229 47 0.21 2.0 
Residue 902 0.56 02 100 00 7423 80.1 1864 95.0 
Unaccounted Poi) 10.2 12.8 12 


Table IV. Distiliation of Crust No. 2, 950 C, 7 Hr, 17 Microns 


Re- Re Re Re- 

cov cov cov cov- 

ery ery ery ery 
we Pb Pb. Zn, Ac Ag. Fe. Fe 


G Pet Pet Pet Pet Pet Pet Pet Pet 


Charge 8854 8.60 100.0 63.70 1000 2685 1000 06.70 1000 
Residue 2407 #1.74 5.5 0.23 0.1 95.65 969 2.38 924 
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Charge, 8854 g; temperature, 900°C; time, 3 hr. 
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Fig. 6—Distribution of metal in condensate 


seen that the high-zinc sheet condensate contains 
about 3 pct of the total silver, while the high-lead 
granular products contain 4.7 pct of the total silver. 
The 12.8 pct Ag not accounted for in the analyses 
condensed in the hottest portion of the condenser as 
an alloy running about 80 pct Ag. For a single run 
there was not enough of this material to be re- 
covered, but in practice this would build up to the 
extent that it could be recovered and ultimately 
there would be no loss. 

The results given in Table III are from the treat- 
ment of a low grade crust; much more favorable 
results can be obtained with a liquated crust as 
shown in Table IV. 

Operating Conditions: No difficulty was ex- 
perienced in maintaining an adequate vacuum in 
the system or in operating the pumps or furnace. 
Charging the retort is simple, and the only problem 
lies in the removal of the products. As mentioned 
before, the high zinc sheet is easily stripped from 
the liner, but the high lead material tends to stick. 
In practice there would be no necessity of complete 
removal of the condensate and so the sticking would 
not be too serious. 

The residue containing copper tends to stick in 
the charge boat and will attack a sheet iron boat 
in runs at a high temperature. It might be preferable, 
therefore, to make the boat of cast iron or of a 
ceramic material. 

Conclusions 

1—Zinc is readily removed from Parkes’ process 
crusts at low temperatures by vacuum distillation. 

2—Lead can be removed by extended time and 
increased temperature. 

3—The purity of the residue will depend upon the 
amount of nonvolatile metals in the residue. A 
liquated crust was distilled to yield a residue analyz- 
ing 95.7 pct Ag, 2.4 pct Fe, 1.7 pet Pb, and 0.2 pct 
Zn. This residue contained 96.9 pct of the silver in 
the charge. 
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LTHOUGH the practical importance of Fe-Cr- 
Mo alloys has long been recognized, constitu- 
tion studies have been limited to a few alloys within 
rather narrow ranges of composition. The purpose 
of the present study was to establish the phase 
boundaries in the ternary diagram at a temperature 
of 1200°F (650°C).* 

The identification of phases and the determina- 
tion of phase boundaries were based primarily on 
X-ray diffraction measurements and occasionally on 
microscopic observation. The methods used for 
locating the phase boundaries were essentially those 
described in detail by Andersen and Jette,’ and by 
others.” The compositions of 180 alloys, prepared 
by powder metallurgy techniques, are shown in 
Fig. 1. The chemical analysis and mesh size of the 
powders which were used for the preparation of the 
alloys are given in Table I. 

The powders were mixed for 48 hr or longer, then 
compacted under 80,000 psi in a '%-in. diam steel 
die. Each specimen weighed approximately 5 g. 
The compacts were sintered for 4 hr at 2500°F 
(1371°C) in an atmosphere of pure dry hydrogen 
(dew point near the temperature of liquid nitrogen). 
An open tray of chromium powder was placed up- 
stream of the compacts to act as a “getter” for the 
last traces of oxygen or water vapor. In many 
cases this chromium powder was bright after sinter- 
ing. Occasionally the upstream side of the powder 
was slightly greenish, but in all cases the down- 
stream side was metallic. Some of the alloys con- 
tracted during sintering and some expanded as 
much as 20 pet. The latter alloys, which in all cases 
were brittle, were crushed in a tool steel mortar, re- 
pressed, and resintered for 4 hr at 2500°F. After 
sintering, the alloys were aged for ten days at 
1200°F (650°C) in evacuated (10° mm Hg or bet- 
ter) fused silica tubes and were cooled rapidly to 
room temperature following the aging treatment. 


* After this study was completed, a paper on the same subject 
was published by Putman, Potter, and Grant." These authors in- 
vestigated the phase boundaries in the Fe-Cr-Mo ternary system at 
900°, 1100°, and 1300°C Duplication of effort was fortunately 
avoided and the combination of the two studies provides a good 
picture of the phase relationships in the ternary system at four 
temperature levels 
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Constitution Of 
lron-Chromium-Molybdenum Alloys 
At 1200°F 


by Spencer R. Baen and Pol Duwez 


The use of the powder metallurgy technique in 
preparing alloys for structural investigation offers 
a simple method of avoiding contamination or non- 
homogeniety which could result from a melting 
operation. It is very often possible to dispense with 
chemical analysis of the alloys which have been 
prepared by the powder metallurgy method. In 
lieu of chemical analysis, it is necessary to determine 
the weight of the compact before and after sintering. 
The chemical composition of the alloy may be con- 
sidered as that of the green compact, within the 
limits of accuracy determined by the loss of weight 
during sintering. 

In phase-diagram studies it is important to 
achieve homogeniety in structure, whether the al- 
loys are prepared by powder metallurgy or by 
melting. Homogeniety means complete diffusion dur- 
ing the sintering of the alloys which are prepared 
by powder metallurgy. It has been found from ex- 
perience that the best criterion for establishing the 
completeness of diffusion is the sharpness of the 
X-ray diffraction patterns. This criterion has been 
used throughout the present study. 

The X-ray diffraction data were obtained using 
powder cameras of either 214.86 or 71.62 mm diam. 
Copper, cobalt, or chromium Kea radiation was used, 
the choice being based on the alloy composition. The 
powder samples were obtained by filing or crushing, 
depending on whether the alloy was ductile or 
brittle. In some cases, the powder was annealed 
for 4 to 6 hr at 1200°F in vacuum. The measure- 
ments were corrected for film shrinkage and absorp- 
tion. The large camera, in which the film is mounted 

SPENCER R. BAEN, Captain, U. S. Army Field Forces Soard No. 2, 
Fort Knox, Ky., was formerly Graduate Student in Mechanical 
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Philosophy to the California Institute of Technology, July 1950. 
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Fig. 1—Ternary diagram showing composition of alloys in 
atomic percentage 


symmetrically with respect to the X-ray beam, was 
calibrated with calcite. For the small camera, film 
hrinkage automatically was taken into account by 
mounting the film assymmetrically, the Straumanis 
technique. Absorption corrections were made fol- 
lowing the graphical extrapolation method recently 
described by Nelson and Riley.’ This technique was 
found more expeditious than the more generally 
used Cohen’s method 


Binary Systems 

Although the three binary systems have been 
established previously, binary alloys were prepared 
in order to obtain additional X-ray diffraction data 
and to check the phase boundaries at 1200°F 

Phase boundaries which involve the o phase in the 
Fe-Cr binary system have been located most reliably 
by Cook and Jones. The present study confirmed 
their results by establishing from X-ray diffraction 
measurements that at 1200°F the » phase extends 
from 43 to 50 atomic pet Cr. The end points of the 
two-phase regions were located near 30 and 71 
atomic pet Cr. These results agree closely with 
those of Cook and Jones and furnish new evidence 
that the » phase extends closer to both iron and 
chromium than was indicated by previous investi- 
gators, see, for example, ref. 6. 

The generally accepted phase diagram for the Fe- 


Table |. Data on Metal Powders 


Mesh 
Metal Source Size Analysis, Pet 
[ror t type l 125 0.008 C Traces of 
cr es Hardy, Inc 0.05 Si Ni, Cu 
420 Lexington Ave 0.05 Mr Mo, T 
New York 0.05 Ca wnd Cr 
Elect tic grade 00 0.1 Na Traces of 
cr es Hardy. Inc 0.05 Ca Cu. A 
Mg, 
Ce i 
Mr 
Molybdenum Reduced fror 200 025 Fe Traces of 
' bd d O1N Ti. Co 
0.05 Ca Ba i 
0.05 Cr Sr 
0.05 Mr 
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Mo system’ is a compromise between the results 
obtained by Sykes” and by Takei and Murakami.” 
The most important points which have a bearing 
on the present work are the solubility limits at both 
ends of the diagram at 1200°F and the exact loca- 
tion of the « phase. The solubility of iron in molyb- 
denum was determined by plotting the lattice para- 
meter of alloys 43 through 50 vs. composition. The 
solubility limit was located at 8 atomic pct Fe. The 
same procedure applied to alloys 24 through 28 
indicated that the solubility of molybdenum in iron 
is 4 atomic pct. These results confirm the location 
of the phase boundaries of the equilibrium diagram 
given in ref. 7. 

The « phase of the Fe-Mo system has been located 
by Sykes’ between 39 and 40 atomic pct Mo. The 
upper boundary corresponds to the formula Fe,Mo 
Arnfelt and Westgren™” found the structure of this 
phase to be rhombohedral D,,” with a 8.97 A and 
a 30° 38.6'. These investigators proposed the 
formula Fe,Mo, because this structure requires 13 
atoms per cell. The rhombohedral structure of the 
« phase was confirmed by the present investigation 
for alloy 12, which has an Fe,Mo, composition. Alloy 
13, which corresponds to Fe.Mo., and alloy 14, which 
corresponds to FeMo, showed characteristic diffrac- 
tion lines of the molybdenum-rich a solid solution. 
Alloys 80 through 83 were examined and found to 
contain the « phase with the same parameters. The 
iron-rich solid solution was detected in alloys 83, 
82, and 81, and microscopic investigation revealed 
that alloy 80 consisted of two phases. It was con- 
cluded that the « phase is located near the Fe,Mo 
composition and extends less than 2 pct towards 
iron. The stoichiometric composition Fe,Mo,, which 
characterizes the crystal structure of «, is not inside 
the phase boundaries of the single-phase region. 
This anomaly has been found in several alloy 
systems 

The Cr-Mo system has been investigated by 
Trzebiatowski,* who showed that the two metals 
form an uninterrupted series of solid solutions 
These results were confirmed and the variation of 
lattice parameter vs. composition is shown in Fig. 2. 
The small difference between the present results 
and those given by Trzebiatowski has no obvious 
explanation. The possible existence of a phase of the 
o type or of an ordering reaction in the Cr-Mo sys- 
tem was investigated by heat treating the alloys for 
6 weeks at 1200°F. The powder patterns obtained 
after this treatment indicated only the presence of 
the a phase. 

Ternary System 

The cross-section of the ternary-phase diagram 
at 1200°F is given in Fig. 3. The contours of equal 
lattice parameter in the a-solid solution regions are 
labeled in A units. In the o-phase region the 
parameter given in Fig. 3 is that of the smallest 
axis of the tetragonal cell of «.+ The ternary diagram 
is also presented in Fig. 4, in which the composi- 
tions are given in weight percentages. A few in- 
teresting details concerning the location of some of 
the phase boundaries are discussed below 

Phase Boundaries of the a+ Region: The phase 
boundaries of the a + « region were established by 
locating the intersection of the tie lines in this two- 
phase region with the lines of the constant lattice 
parameter in the o and a fields. The accuracy of a 


A tentative unit cell for the structure and a more detailed 
discussion of the ¢ field are given in ref. 12 
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phase boundary which is determined by this method 
depends on the angle of intersection of the tie lines 
in the two-phase region with the parameter con- 
tours in a one-phase region. The best conditions are 
achieved when this angle is near 90 In the par- 
ticular case of the boundary between the a and the 
a +a fields, see Fig. 3, the uncertainty in the posi- 
tion of the phase boundary is rather large for 
molybdenum concentration less than about 25 
atomic pct, since in this region the parameter con- 
tours intersect at a small angle. 

The X-ray diffraction patterns of the alloys 
which are located in the a + a field clearly revealed 
the presence of the two phases, with two excep- 
tions. The a phase was not observed in the diffrac- 
tion patterns of alloys 105 and 20. However, micro- 
scopic observation confirmed the existence of the 
a phase in these alloys. As an example, the struc- 
ture of alloy 20 (40 pct Fe, 50 pct Cr, and 10 pet Mo) 
containing a and o phases is shown in Fig. 5a. The 
X-ray diffraction patterns of some of the two-phase 
alloys did not always reflect the correct proportions 
of o and a, For example, the intensity of the o pat- 
tern of alloys 31, 21, and 37 was very weak, al- 
though the relative proportion of o in these alloys, 
see Fig should be approximately 25, 50, and 
pet, respectively. It is of course quite possible that 
the powder sample mounted in the camera did not 
contain the true proportion of a and o. Quantitative 
X-ray diffraction analysis is particularly difficult 
in the present case of a very brittle phase dispersed 
in a ductile matrix. 

Phase Boundaries of the a +«€« and thea+e+a 
Fields: The complicated diffraction pattern of « 
superimposed on the equally complicated pattern of 
ao presented a practical difficulty in interpreting the 
structure of several ternary alloys in a region of 
low chromium content. Where only a small pro- 
portion of « existed with a large proportion of o, or 
vice versa, it was difficult to ascertain the presence 
of the minor constituent. For example, « was not 
detected in alloys 153 and 154, and the presence of « 
was questionable in alloys 75 and 137. The proof 
that these alloys actually are located in a three- 
phase region was based on the invariancy of the 
lattice parameters of the two observed phases. 

The boundary between the a + « region and the 
a + ¢€+o region was located parallel to the Mo-Fe 
ihe of the diagram and within less than 1 pct Cr, 
because alloys 156 and 164, which contain 1 atomic 
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Fig. 2—Lattice parameter vs. composition of Cr-Mo binary 
alloys. 
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Fig. 3—Phase boundaries in ternary Fe-Cr-Mo diagram at 
1200°F (650°C). Compositions are in atomic percentages. 


pet Cr, contained three phases. The intersection of 
this boundary and the parameter contour of 3.125 A 
in the a single-phase region established the a apex 
of the a + « +o triangle. The lattice parameter of 
the a phase in alloys which consisted of three phases 
was 3.125 A. 

The « apex of the a + «+o triangle was deter- 
mined from the results obtained on a series of 
alloys which contained 2 atomic pet Cr (Nos. 151 
through 155). Alloys 153, 154, and 155 contained 
three phases, while alloys 152 and 88 contained 
only two phases and were approximately on the 
same tie line in the « + o region. From these re- 
sults, the « apex was located at approximately 54 
pet Fe, 45 pet Mo, and 1 pet Cr. 

The boundary between the a + o region and the 
a + e+. region was established on the basis of the 
a apex of the three-phase triangle and the nearest 
known tie line in the a + o region. The apex of the 
three-phase region was located so that it would fall 
on the correct lattice parameter contour of the one- 
phase o region. 

Fe-Rich Corner: In the Fe-rich corner of the 
ternary system, the X-ray diffraction method was 
supplemented by microscopy. In this region, it was 
difficult to determine accurate contour lines because 
of the small variation in lattice parameter with 
composition. Hence, the phase boundaries in the 
vicinity of the a’ apex of the a’ + « + o region were 
located approximately from X-ray data, then a 
series of additional alloys, Nos. 168 through 185, 
were prepared for metallographic observation. The 
boundary between the a’ region and the a’ + « re- 
gion was located between alloys 168 and 169, 
namely, between 1 and 2 pct Mo on the 10 pet Cr 
line. The structures of alloys 168 (a’) and 169 
(a + e) are shcwn in Fig. 5b and 5c. By the same 
method, the boundary between the a’ + « region and 
the a’ + « + o region was found between alloys 174 
and 175 and was traced as shown on Fig. 3: This 
boundary intersects the 10 pct Cr line near 9 pct Mo. 

Alloys 178, 179, and 147 were used for the de- 
termination of the boundary between the a’ + o re- 
gion and the a’ +¢«+o region. The structure of 
alloy 178 revealed three phases with the « phase 
distributed in a matrix of a’ and with the o phase 
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Fig. 4—Phase boundaries in Fe-Cr-Mo ternary diagram at 


1200 F (650 C). Compositions are in weight percentages. 


at the grain boundaries. In alloy 179 the o phase 
was precipitated at the grain boundaries. An X-ray 
diffraction pattern of alloy 147 showed very weak 
As a result of these observa- 
o region and 


lines of the o phase 
tions, the boundary between the « 
the «a +o + « region was located near 6 pct Mo on 
the 80 pet Fe line 

A comparison of the structure of alloys 182 and 
183 led to the conclusion that the boundary between 
the a’ region and the a @ region passes through a 
point between 1 and 2 pct Mo on the 80 pct Fe line. 
The boundary between the a’ + o region and the o 
region was based on the structures of alloys 17, 18, 
56, 97, 98, 100, and 148. The microstructure of all 
these alloys clearly indicated the presence of the 
two phases. The X-ray diffraction results con- 
firmed the presence of the two phases, except for 
alloy 98 in which no body-centered phase (a’) was 
detected. The tie lines in the a’ +o region were 
determined by the X-ray method. The boundary 
was drawn through the points of intersection of 
these lines with the parameter contours in the o- 
phase field. It was then found that alloy 98 is very 


near the o field and a cubic body-centered diffrac- 


a (left) Alley (a4). b (eenter)—Alloy 
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Fig. S—Typical structures of three alloys. 


tion pattern was not observed because the amount 
of a was less than about 2 pct. 

Three-Phase Region a’ + « + ao: As in the case 
of the a + «+o region, the simultaneous presence 
of o» and « caused some complications in analyzing 
the X-ray diffraction patterns of the three-phase 
alloys. The « pattern was present in all the alloys 
located in this field, except in alloy 91. The a’ phase 
also was observed clearly in all alloys, except No. 
86. The invariance of lattice parameters was used 
as a further check for the three-phase alloy. The 
parameters of the « phase were very near that of the 
« phase in the binary Fe-Mo system; hence the « 
apex was located at 1 pct Cr. 

The boundary between the a’ + o region and the 
a +e o region was drawn through the 6 pct Mo, 
80 pct Fe point, which was discussed above. This 
boundary was drawn with a slope such that it 
would include alloy 89 in the three-phase region 
and exclude alloy 56, which was a two-phase alloy 
(« + o#). The end point of this boundary, the o 
apex of the three-phase region, was determined on 
the basis of the parameter contours in the a field 
and the parameter of the « phase, which was pres- 
ent in the three-phase alloys. 

The phase boundary between the two-phase re- 
gion « o and the one-phase o region was drawn 
as a smooth curve between the o apexes of the two 
three-phase regions. The use of tie lines and 
parameter contours was not possible because of 
their near parallelism. Microscopic observation was 
also very difficult because the alloys which are 
located in this region were very porous and brittle. 
The location of the boundary, however, was sub- 
stantiated by the observations that alloys 92 and 93 
contained two phases, while alloys 74 and 79 con- 
tained only the o phase. 

Accuracy in Location of Phase Boundaries: Many 
different factors have an influence on the accuracy 
of the location of phase boundaries in a ternary 
system. The relative importance of the various 
sources of error change with alloy composition 
throughout the diagram. As a result, the overall 
accuracy in phase boundary determination varies 
from one region of the diagram to another, and it 
is practically impossible to make a definite state- 
ment about the width of the region of uncertainty 
associated with phase boundaries. In the present 
case, it is believed that the uncertainty does not 
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exceed 2 atomic pct and is probably not more than 
1 pet in some regions of the diagram. These figures 
do not apply to part of the boundaries between 
a, a +o, and o phases near the Fe-Cr side of the 
diagram. The uncertainty of these boundaries, 
which are dotted on Fig. 3, may be greater than 2 
pct because some of the alloys in this region may 
not have reached equilibrium at 1200°F. The most 
logical method for improving the results in this re- 
gion would be to make a study of the isothermal 
transformation of a into o, so that the attainment 
of equilibrium can be established definitely. 


Summary 

The phase boundaries of the Fe-Cr-Mo ternary 
system have been determined at 1200°F (650°C). 
The method used for locating the phase boundaries 
consisted of measuring lattice parameters of the 
various phases and drawing the parameter contours 
and the tie lines in the one-phase and two-phase 
regions, respectively. The brittle # and « phases 
extend over a major portion of the diagram. The 
largest one-phase solid solution region is located 
near the chromium corner of the diagram. 
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Technical Note 


Titanium-Boron Alloys 


H.R 


T the present time, there appear to be two con- 

flicting opinions on the solubility of boron in 
titanium. P. Ehrlich’ has indicated from X-ray 
diffraction work that boron is soluble in titanium 
up to TiB,. (17.8 wt pct, 44 atomic pet). The X-ray 
diffraction pattern for titanium was found in compo- 
sitions up to TiB,,, (1.1 to 1.6 wt pet); then, with- 
yut a phase gap, superlattice lines appeared up to 
TiB,.. On the other hand, Craighead, Simmons, and 
Eastwood’ have estimated the solubility of boron in 
both alpha and beta titanium to be less than 0.1 wt 
pet, based on results of metallographic analysis. 

In some recent work done at Battelle, results were 
obtained which shed more light on the titanium- 
rich end of the titanium-boron system. 

Iodide-type titanium and high-purity crystalline 
boron were used in this investigation. The borcn 
was prepared by hydrogen reduction of boron tri- 
bromide and deposition on a hot tungsten wire. The 
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alloys were prepared by are melting in an argon 
atmosphere of 10 cm Hg pressure on a water-cooled 
copper hearth. The ingots were hot rolled to strip 
at 850°C. Alloys containing up to 1 pct B could 
be hot rolled. Those containing 2 pct or more B 
could not be hot rolled. 

Metallographically, it was found that a second 
phase was present in alloys containing as little as 
0.4 pet B, and that the quantity of second phase 
increased with increasing boron content. This is 
illustrated in Figs. la and 1b, which show the 
microstructures of a Ti-0.4B and a Ti-1B alloy 
annealed in argon at 850°C. 

X-ray diffraction patterns of alloys containing 1 
and 5 pet B revealed the presence of extra lines 
which correspond to the superlattice lines reported 
by Ehrlich.’ However, no evidence was found of a 
shift in the lattice constants of alpha titanium indi- 
cating that there is very little, if any, solubility of 
boron in alpha titanium. This fact, coupled with the 
fact that the alloys were definitely two-phase, indi- 
cates that the extra lines are not superlattice lines, 
but are more probably the result of a second phase 
of a hexagonal structure almost identical in cell 
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Fig. 1—Microstructure of various TiB alloys 


(upper left)—Ti-0.1B alley annealed 3 hr at 850°C. X500. 
left)—Ti-O.41B alloy quenched after hr at 


annealed hr at 850°C (lower 


b (upper right)—Ti-!IB alley 


(lower right)—Ti-O.4B alloy quenched after 4 br at 893° = 2°C. X250 


dimensions with that of alpha titanium. M. Hansen 
has suggested that the titanium superlattice reported 
by Ehrlich may be a hexagonal-close-packed inter- 
mediate phase based on Ti.B. With this interpreta- 
tion, the change in constants Ehrlich found for the 
hexagonal lattice would belong to the first titanium- 
rich intermediate phase, rather than the superlattice 
Furthermore, it is known from Hagg’s work, that in 
systems of metalloids and transition elements, M.X 
phases are usually This 
would account for the Ti.B structure in this system 
being hexagonal. Also, from the relative size of the 
interstitial elements, one would expect boron to 
have a lower solubility than carbon, which has been 
found to be about 0.5 wt pct maximum at the peri- 
tectoid temperature 

Additional metallographic work has shown that 
boron additions do not measurably affect the trans- 
formation temperature of titanium. Figs. le and ld 
show the structures of a Ti-0.4B alloy heated in 
argon and quenched in water from 880° and 893°C. 
At 880°C just below the 882 C transition tempera- 
ture of titanium, the structure is alpha plus boride, 
while at 893°C, just above the transition of pure 
titanium, the This 
follows from the appearance of the alpha grains 


hexagonal-close-packed.* 


structure is beta plus boride 


Table |. Mechanical Properties of Titonium-Boron Alioys 


0.2 Pet Offset Ultimate 
Preportional Yield Strength, 
Limit, Psi Strength, Psi Psi 


Elon- 
gation, 
Pet, In 


Compe 
sition 
Pet 


11.000 27.000 
21.000 48,000 
22.000 44,000 
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after quenching. The transformation product of the 
beta phase consists of serrated Widmanstatten alpha 
plates, which are similar to those found in beta- 
quenched iodide titanium 

The mechanical properties of the titanium-boron 
alloys used in this investigation also were obtained 
and are given in Table I. The addition of boron to 
titanium increases the strength only a moderate 
amount, but also decreases the ductility progres- 
sively. This is the type of effect that would be ex- 
pected when a dispersed intermetallic phase is pre- 
sent in the structure 

It can be concluded from these data that the 
solubility of boron in both alpha and beta titanium 
is probably very lew, well below 0.4 pct B, and that 
boron has no observable effect on the transition 
temperature of titanium. Furthermore, the hexa- 
gonal-close-packed structure of the second phase 
indicates that it is probably of the M.X type or Ti.B. 
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AIME 1950 Financial Analysis 
Shows Operating Loss of $17,721 


During the year 1950 AIME operations showed a 
net loss of $17,721. This loss was attributable entirely 
to the Metals Branch, the Petroleum Branch having 
balanced its expenses to its income and the Mining 
Branch having showed a net profit of $23,890. Details 
of the Balance Sheet are shown 

During the year, membership in the grades of Mem- 
ber, Associate Member, and Junior Member, showed a 
net increase of 844. Advertising income increased by 
21 pet, the increase being almost entirely in JOURNAL 
or Metats. Overall income increased 26 pct from 1949, 
while expenses increased 7 pct. A preliminary budget 
for 1951 places income at about $2000 higher than 
1950, and expenses are expected to be reduced by 
$28,000. Some $19,000 of this will result from the fact 
that no Directory will be issued in 1951. 

An analysis of the financial report shows that there 
is an income of $22.84 per member and expenses of 
$23.52 per member, including Student Associate. This 
excludes certain items of costs that were paid for from 
special appropriations from accumulated income in the 
Barron fund. These expenses totalled $5100 or about 
24c per member, bringing the total expenses per mem- 
ber to $23.76. A comparison of income and expense per 
member during 1950 is likewise shown graphically in 
an accompanying illustration. 

EXPENSES 


S068 Deficit per Member 


Mise. 


Secretery end Adzin- 
istretive Seleries, 
Cperating Costs, 
Rentels, Pensions, 
Iasurence, Generel 


Division 


ecre- 


} Mes Initietion 
| Fees 


The 1950 income and expenses of 

AIME on a per Member basis (in- 

cluding Student Associates) are 

shown here. This presentation 

shows a 68¢ per Member deficit 
for 1950. 


INCOME AND EXPENSE STATEMENT, 1950 


American Institute of Mining & Metallurgical Engineers, Inc. 


Total, 
Mining Metals Petroleum AIME, 
Branch Branch Branch 12 Months 
INCOME 
Dues and Initiation 
Fees $158,444.46 $76,369.97 75,696.11 $310,510.54 


*ublications 
18,443.42 
5,458.07 


103,405.50 


Advertising 54,571.95 30,390.13 
24,694.34 


7 
Journal Sales 9,021.65 10,214.62 
Transaction, Other 
Sales 7,293.64 7,152.03 15,002.89 29,348.56 


11,242.71 6,464.81 8,022.94 25,730.46 


Other Income 


Total Income $240,574.41 $130,491.56 $122,625.43 $493,689.40 


EXPENSES 


Membership and 
Sections 


Local Sections $8,000.71 $3,754.48 $3,494.66 $15,249.85 
Technical Divisions 8.933.99 13,855.34 16,159.69 38,949.02 
Meeting Expenses 1,867.03 1,453.51 95.89 3,416.43 
Other Expenses 10,801.86 5,274.73 4,887.75 20,964.34 


Publications 


112,896.73 
7,336.48 


101,488.59 
11,078.87 


Journals 
Transactions 


7,801.80 


Directory 9215.16 4,778.82 4,709.26 —18,703,24 
Other 1,512.73 1,735.44 1,929.20 5,177.37 
Generali and 
Administrative 
Salaries 22,394.87 11,000.85 9,914.86 43,310.58 
Accounting 15,542.51 7,766.27 7,283.69 592.47 
Membership 9,438.11 4,910.62 4,410.2 58.97 


Pensions and 


Annuities 6,153.48 3,193.17 12,294.65 
Insurance 239.49 122.89 475.93 
Other 2,350.94 1,689.46 8,015.07 


Total Expenses: $216,684.09 $172,103.04 $122,623.43 $511,410.56 
Profit $23,890.32 


Loss 


$41,611.48 $17,721.16 


INCOME AND EXPENSE PER MEMBER, 1950 


INCOME: 
Dues $13.56 
Initiation Fees -B0 
Journal Advertising 4.78 
Journal Sales 1.14 
Transaction and Book Sales 1.52 
Miscellaneous Sales 
Interest 


Miscellaneous Income 51 


Total Income, per Member 


EXPENSES 


Journals $11.90 
Transactions, § tatistics Volume 75 
Directory Bb 
Other Publications 24 
Local Section Costs 70 
Division and Branch Costs 1.80 
Meeting Costs 16 
Engineering Societies Library 30 
Secretarial Traveling 08 
Administrative Salaries 2.00 
Accounting Dept. Costs 141 
Membership Dept. Costs 87 
Administrative Office Costs 59 
Pensions, Annuities 57 


Insurance, Furniture, Etc. 


Total Expenses, per Member 


: 

4 
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43,315.52 257,700.84 
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Sulphur, Titanium, Zinc and Steelmaking Symposia 


Highlight Metals Branch Activities at AIME Annual Meeting 


e W. M. Peirce Assumes AIME Presidency ¢ Borelius Delivers IMD Lecture 
¢ Clark and Webster Get Hunt Award ¢ Vilella Presents Howe Lecture 
Milliken Receives Richards Award ¢ Barrett Wins Mathewson Medal 


YOME 2300 member VIVE f members, and friend var. While atomic war will eventually stop world wars, 
S ourneyed to St. Louis during the eek of Feb. 19, Dr. Compton indicated that he wasn’t sure but that 
,wvi, for the I7lst Annual Meeting of the American there may be one more war. However, the long range 
Institute of Mining and Metallurgical Engineers. The trend would be toward Global Government—an inevit- 
eeting, a combination technical and business meet able evolution in world history 
ng, was one f the most successful in recent years, The mposium on sulphur was a four-session, two 
vith programs scheduled for the wide variety of in day meeting that covered thoroughly the matter of the 
terests represented. Many phases of metallurgy, both metallurgy of sulphur in metals, particularly iron and 
ferrous and nonferrous; mining, extraction, and process steel. Most of the individual papers presented at this 
ng; and oil production were the major phases of the ession will be published as transactions of the Metals 
ul tech conference vith some 400 author Branch. In a later issue, however, it is planned to sum- 
presenting } narize the entire symposium, highlighting the import 


Will M ree Technical Director int aspects of the meetings 
Zine Co., took office as Pre lent of AIME The titanium session consisted of two parts. One wa 
D ild H. McLaughlin, Pre ient of H r mm the removal of impurities from titanium metal and 
( San Frane J. L. Gillson, E. L. duPor the other was on melting of titanium. At the latter 
& ¢ ind a long-time active embe ft ‘ n. S. F. Radtke, E. L. duPont deNemours & Co., 
Minerals D \IME; and M. L. Haid presented a paper “Arc Melting of Titanium,” which 
( Ltd i former Chairman of the Petroleum Div \ repared by Mr. Radtke, R. M. Schriver, and J. A 
LIME. took office as Vice-President Directors taking Snyder, all of duPont. This paper described a carbon 
flice at the meeting were sl n in the Februar’ ue ire elting furnace developed at duPont for continu 
JOURNAL OF METALS isly melting and continuously casting titanium metal 
The Metals Bran tivities at the Anr | Meet Using a rotating electrode, sponge was fed into the 
ered a riety of ibject \ Zi S posiu a rnace from a hopper, melted under an argon atmos 
Sulphur S u an all-da eetil n Titaniu phere, and continuously cast from the bottom of the 
Productiotr ectir on Steel , Aluminu Mag furnace in the form of a round bar. The electrode is 
nesiu Lead, and Copper production, and a regional 2'5 to 3 in. diam, and current is 2200 to 2400 amp. Bars 
eetir f the Southweste Sect f the National ip to 22 ft long x 5's in. diam have been cast by this 
Open Heart Committee high] te the wctivitic ethod and surface conditions were reported good 
Steelmakir Powder Metallurs PI cal Chemistr\ Speed of casting—or withdrawal from the furnace—is 
Extractive Metallur and other ferrous and nor ibout '4 ipm, and melting rate is about 1'4 lb per min 
essions rounded out the meetir if the Metal The authors indicated that production could probably 
Branct Seris terial of interest for at nembe be increased substantially through the use of multi 


electrode furnaces, and they anticipated that by the 

end of 1952 large slabs of titanium would be produced 

by a modification of this continuous casting method 
The group at the meeting, after presentation of for 
al papers, discussed the inclusion of electrode mate- 


ige in ot tt lifficult m the level p 
the At Progra rial in the metal, either carbon or tungsten, depending 
nilit ndustrial. and social ir oad —- oon upon the type of electrode used. Two companies melt 
that ear it at ing with carbon electrodes indicated that while carbon 
He spoke about me effect € at - eners in: td pickup is deleterious to the metal, no undue difficulties 
fields of medicine. biology. indust: el ote send had been experienced in carbon pickup from the elec y 
licated the probeble trends in use of atomic nowes trodes. It was agreed that larger electrodes and larger 
fi motlienall ; metal baths reduce the possibility of trouble from this 
direction, but melting with either carbon or tungsten 
- tion from electrodes 
: wen ble to participate equall There probably will be considerable further study of 


i even tl the So t t c 

melting with consumable electrodes. Such electrodes, 
or oO ag no particulal He aid that 
within a few eal atomic wat ll be a two-way 
enterprise, and nations will not go into a Global War a 
if too evenly balanced atomically. In an atomic war, a IMD Fall Meeting Paper Deadline 
nation, even if victoriou ll be humanly and ec e 

Apr | th | 

nomically ruined. Ti Dr. pr 15, 1951 ts the deadline for all Institute of Metals 
atomic weapon eventually will eliminate or prevent Div. papers to be presented at the fall meeting, Oct. 15 
wal But, he pointed out the ter 7 vill be horribk to 17, at the Detroit Leland Hotel, Detroit 
and much I i 
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+ At the Welcoming Luncheon, Monday, Feb. 19, Dr 
Arthur Holly Compton, Chancellor of the University 
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pressed from titanium sponge, would add no undesir 
able materials to the metal bath. One of the problems 
in this practice, however, is in getting an electrode that 
has uniform electrical and physical properties through- 
out. If the use of consumable electrodes can be justi- 
fied, the mechanical problems of producing good elec 
trodes would have to be worked out. 


The current universal interest in titanium was fur- 
ther exemplified by this year’s Rebert H. Richards 
Award, which went to Frank R. Milliken, Asst. Man- 
ager of the Titanium Div., National Lead Co. Mr 
Milliken received this award: “For his outstanding 
accomplishments in advancing the technique of the 
metallurgy and beneficiation of titanium-bearing ores.” 


The Mathewson Gold Medal, established in 1950 as a 
tribute to Dr. C. H. Mathewson, Emeritus Professor of 
Metallurgy and Metallography at Yale, was awarded 
Charles S. Barrett. Dr. Barrett, the first recipient of 
this Gold Medal, was awarded the honor for his paper 

Faults in the Structure of Copper-Silicon Alloys,” 
which was published in JourNAL oF Metats, January 
1950. Since 1946 he has been Research Professor in the 
Institute for the Study of Metals, University of Chi- 
cago, and a consultant for the Argonne National Lab- 
oratory, Chicago. In 1934, Dr. Barrett received the In- 
stitute of Metals Award, AIME, and in 1950, the Clamer 
Medal of Franklin Institute 


One of the best known AIME awards, the Robert W. 
Hunt Award, was received by Richard R. Webster and 
Harold T. Clark, Jones & Laughlin Steel Corp., Pitts- 
burgh. The award was made for their paper: “Side- 
Blow Converter Process for Production of Low-Nitro- 
gen Steel Ingots,” published in JourNAL or MeTALs, May 
1950. The award is made for the best original paper on 
iron and steel, and consists of a gold medal, a silver 
medal, or a money prize, together with a certificate 
Certificates and silver medals were presented to Mr. 
Clark and Mr. Webster, and a money prize was pre- 
sented to Mr. Webster, who is less than 40 years old, 
one of the conditions of the money prize. Mr. Webster 
is Supervisor of Instrumentation Research, and Mr. 
Clark is Manager of the Metallurgical Div., Jones & 
Laughlin Steel Corp 


The J. E. Johnson, Jr.. Award, for outstanding work 
related to the metallurgy of pig iron, was made to 
Samuel Naismith. Mr. Naismith, the 23rd recipient 
of this award, is Asst. Supervisor, Ore Movement, 
Oliver Mining Co., and the citation with the award 
reads: “For his contribution to the knowledge of blast- 
furnace raw materials.” He had been formerly Blast 
Furnace Design Engineer and Blast Furnace Engineer 
for Carnegie-Illinois Steel Corp., and Ore Evaluation 
Engineer with Oliver Iron Mining Co. In this latter 
position, he worked on coordination of the use of low- 
grade iron ores between the mining company and the 
affiliated steel producing companies of U. S. Steel Corp 


The Rossiter W. Raymond Memorial Award, estab- 
lished in 1945, was received by A. J. Shaler for the 
best paper published by AIME written by a member 
under 33 years old. Dr. Shaler’s paper was: “Seminar 
on the Kinetics of Sintering,” published in JOURNAL OF 
Metats, November 1949. Until recently, Dr. Shaler was 
Asst. Professor of Metallurgy at Massachusetts Insti- 
tute of Technology, but is now on a leave of absence 
to serve abroad with the Office of Naval Research. Dr 
Shaler was not at the Meeting to receive the award 


Another well known event on the AIME Annual 
Meeting calendar is the Howe Memorial Lecture. This 
year, Joseph R. Vilella delivered this lecture, entitled: 
“Twenty-five More Years of Metallography.” Mr. Vilella 
is Research Metallurgist, U. S. Steel Co., Kearny, N. J 


Since 1921, the Annual Lecture of the Institute of 
Metals Div., AIME, has been given by distinguished 
men from the United States, Great Britain, Sweden, 
and Germany. This year Sweden was again represented 
by Dr. C. O. G. Borelius, who lectured on: “Kinetics of 
Precipitation in Supercooled Metallic Solutions.” Dr. 
Borelius is Professor of Physics at the Royal Institute 
of Technology, Stockholm, a post that he has held since 
1922. His scientific work has been concerned mainly 
with the physics of metals. 

These awards were made at the Annual Dinner of 
the AIME at the Hotel Jefferson, St. Louis, on Wednes- 
day, Feb. 21, 1951. In addition, other awards were made 
to outstanding men in other branches of the minerals 
industry for noteworthy work in such fields as mining, 
mining management, and minerals beneficiation 


Undergraduate and Graduate Student Associates 
came in for a share of recognition at the Welcoming 
Luncheon of the Institute on Monday, Feb. 19. Two 
Graduate Students and three Undergraduate Students 
received $100 prizes in the Institute’s ninth annual Na 
tional Student Prize Contest. The awards were for the 
following papers by the men indicated 

“The Martensite Phase,” by Warren P. Chernack, : 
paper entered by the Chicago Section 
Fatigue of Alloy Steels,” by Charles E. Lundin, a paper 
entered by the Chicago Section. “An Investigation of 
the Miscibility Gap in the System Copper-Lead,” by 
Ronald Bish, a paper entered by the Pittsburgh Sec- 
tion. “A Study of the Properties of Drilling Fluids Con- 
taining Certain Natural Organic Colloids of Iranian 
Origin,” by George Tchillingarian, a paper entered by 
the Southern California Section. “Casting Stainless 
Steel Tensile Bars in Ceramic Molds,” by Phillip 
Frederick, a paper entered by the Chicago Section 


“Corrosion- 


Institute Supports Activities 


Of Other Engineering Organizations 


For the first time in 1950 AIME made a contribution 
totalling $1050 to the Engineers’ Council for Profes- 
sional Development. The ECPD has in the past received 
contributions from other founder societies and its most 
successful accomplishment has been its accrediting pro- 
gram for curricular in engineering colleges 

A smaller contribution by AIME has been made to 
the Engineers’ Joint Council, and Mr. Robie has served 
as Secretary. EJC has been active in urging a desirable 
policy with respect to the conservation, development, 
and use of the national water resources. Also, it has 
been working toward the establishment of an Engi 
neering Manpower Commission 

Mr. Robie has contributed some of his time to the 
Engineering Societies’ Personnel Service, Inc., of 
which he is Vice-President. This organization is a 
placement bureau for engineering personnel 

The United Engineering Trustees has been looking 
for a new home for the founder societies during the 
past year. No definite developments have been reported 

The Engineering Foundation has given financial sup 
port to five research projects sponsored by the AIME: 
Alloys of Iron Research, $1000; Diffusion in Steel, $2000 
Mechanical Properties of Primary Alloyed Ferrites At 
Low Temperatures, $3000; Welding Research Council, 
$1100; and Comminution, $1000. 
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AIME ANNUAL MEETING . . 


h R. Vilello, U. S 


Josep e Years 


Twenty-five Mor 
the Howe 


Retiring AIME president D. H 
McLaughlin presented the Robert 
H. Richards Award to Frank R 
Milliken, assistant manager, Titan 
ium Div., National Lead Co. 
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Steel Co., spoke 
of Metallography, 
Memorial Lecture 


for 


Richard R. Webster, Jones & 

Laughlin Steel Corp., received the 

Robert W. Hunt award from D. H 

McLaughlin The award was 

shared with H. T. Clark, also of 
Jones & Laughlin 


George Wolf, U. § Steel Ex 


Port Co, was 
Metals Branch Dinner 94 
DoH McLaughlin end H 


Mathewson, Yale University 


Maxwell Gensomer, Columbia 
University, congratulates Gud- 
mund Borelius, Royal Institute 
of Technology, for presenting 
the IMD lecture, as D. H 
McLaughlin, retiring AIME 
president locks on 


The first Mathewson Gold Medal 

award was presented to C. § 

Barrett, University of Chicago, for 

his paper, “Faults in the Structure 
of Cu-Si Alloys”. 
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H. B. Emerick, Jones & Laughlin Steel 
Corp., watches as Walter Crafts, Union 
Carbide & Carbon Research Laboratories, 
Inc., receives a light from J. F. Pollack, 
Jones & Laughlin Steel Corp. 


of Technology, 


Royal — IMD lecture on 


wus, 


\ 
den, delivered ooled Metallic 
of Preci 


Speakers and discussion 
group at an EMD sym- 
posium. Seated are: R. R. 
McNaughton, Consolidated 
Mining & Smelting Co. of 
Canada, Ltd.; B. L. Sackett, 
International Smelting & 
Refining Co.; Harold Lee, 
Bunker Hill Smelter; E. M. 
Baldwin, University of Ore- 
gon. Standing: LV. 
Whiton, Consolidated Min- 
ing & Smelting Co; T. J. 
Woodside, American Smelt- 
ing & Refining Co.; E. W. 
Steinbach, International 
Smelting Refining Co.; 
R. L. Hennebach, American 
Smelting G Refining Co.; 
Carlos Bardwell, Interna- 
tional Smelting G Refining 
Co.; and G. W. Dunn. 


Student award win- 
ners R. E. Bish, Pitts- 
burgh; W. P. Cher- 
nack, Chicago; and 
C. E. Lundin, Chi- 
cago, are congrotu- 
lated by W. M. 
Peirce, AIME presi- 
dent. 
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Attending the AIME Board of Direc 
tors meeting were the following 
seated, lett to right’ Erle V. Daveler 
Andrew Fletcher, E H. Robie, D. H 
Decker, W. E. Wrother, and Philip 
Kratt. Standing, left to right, are 
C. E. Weed, Allison Butts, A. C. Rubel, 
Newell G Alford, C. C. Long, A J 
Phillips, Earle E Schumacher, C. V 
Millikan, R. M. Foose, Francis B. Foley 
Harold K. Work, L. E. Young, H. | 
Young, G. F. Moulton, J. E. Sherborne 


Howard |. Young, chairman of the conven 

tion committee, H. McLoughlin, retiring 

AIME president, and Willis M. Peirce, in 

yming AIME president, discuss progress of 
the meeting 


Attending the physical 
chemistry of steelmaking 
luncheon were Daniel 
Girardi, Timken Roller 
Bearing Co.; C. R. Taylor, 
Armco Steel Corp; L. G 
Eckham, Duquesne, Pa; 
N. J. Grant, MIT; and D.C 
Hilty, Union Carbide & 
Carbon Research Laborato 
ries, Inc 


Fred J. Meek was Secretary of 
the General Committee for the 
Annual Meeting. He headed up 
a committee that handled the 
hundreds of details, and kept 
activities moving smoothly 
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Not L. Shepard, Chairman of 
the St. Louis Section, was 
another of the local people 
who devoted a great deal of 
time and energy in keeping the 
various phases of the meeting 
moving along without trouble 
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Group from the head table at the annual dinner. Seated are: 
Louis E. Young, Pittsburgh; Joseph Vilella, New York; Gudmund 
Borelius, Stockholm, Sweden; Horace Moses, Santa Fe, N. M; 
Howard |. Young, St. Louis; James Brophy, Red Lodge, Mont; 
C. H. Mathewson, New Haven, Conn; D. H. McLaughlin, 
San Francisco; Willis M. Peirce, Palmerton, Pa.; H. R. Hanley, 
Rolla, Mo.; and Norman Hinchey, St. Louis. Standees are 
Samuel Naismith, Duluth, Minn; F. R. Milliken, New York; 
C. S. Barrett, Chicago; J. B. Morrow, Pittsburgh; C. E. Weed, 
New York; James D. Francis, Huntington, W. Va.; J. V. N 
Dorr, New York; Clyde Williams, Columbus, Ohio; Raul de le 
Pena, Mexico; R. R. Webster, Beaver, Po.; D. B. Gillies, Cleve- 
land; Rabbi Ferdinand Isserman, St. Louis; A. O. Dufresne, 
Canada; Harvey Mudd, Los Angeles; and Felix Wormser, 
New York 


Mrs. Oliver Bowles, Washington, D. C., in 

coming president of the Women’s Auxiliary, 

AIME, chats with Mrs. Howard |. Young, 

who arranged women’s activities at the 
convention 


Mrs. Howard |. Young, 
St. Louis, chairmon 
of women’s activities 
at the convention, is 
shown with New 
Yorkers, Mrs. H. A 
Prosser, Mrs. Thorne 
Lloyd, and Mrs. Jack 
Bonardi, chairman of 
the Women’s Division, 
New York Section 


APRIL 1951, JOURNAL OF METALS—343 


> 
3 


ZIRCONIUM 
METAL 


in the form of 


Sponge and Briquettes 


with the following analysis 


Zirconium .. . 98.8 to 99.6% 


(by difference) 


Oxygen .... 0.1 to 0.2% 
(estimated ) 
.02to .10% 
2 
.02 to 
Ol-to .02% 


Silicon .02 to .10% 


Write our New York Office for detailed information. 3%" diometer 
briquettes are furnished from %” to 3” in height with bulk density of 160 to 190 Ibs. per 
cu. ft. The sponge will be %” and down with a maximum of 15% through a 10 mesh screen. 


TAM 
PRODUCTS 


Registered 


TITANIUM ALLOY MFG. DIVISION 


NATIONAL LEAD COMPANY : 
Executive ne Sales Office: 111 BROADWAY, NEW YORK CITY - General Offices, Works, and Research Laboratories: NIAGARA FALLS, N. Y. 
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JOHN F. THOMPSON 


John F. Thompson, president of the International Nickel 
Co. of Canada, Ltd., has been elected to the office of 
the chairman of the board of directors, succeeding the 
late Robert C. Stanley. Paul D. Merica, executive vice- 
president and a director, was elected a member of both 
the executive committee’ and the advisory committee 


Matthew A. Hunter, retired dean of the faculty at 
Rensselaer Polytechnic Institute, has had a fund estab- 
lished in his name. Former students have subscribed 
to a $2000 fund. The annual net income from the fund 
will be awarded the senior in metallurgy whose grad- 
uating thesis is adjudged the best 


Walter C. Keil has been appointed assistant superin- 
tendent in charge of smelting operations, Federated 
Metals Div., / 

N. J. 


Norman P. Pinto is now employed by Rem-Cru Tita- 
nium Inc., Bridgeport, Conn. He was formerly asso- 
ciated with Sylvania Electric Products, Inc., Bayside, 


Hugh Douglas is now working with the U. S. Atomic 
Energy Commission at the Lakewood Branch, Denver 


William O. Bishop has joined Arthur G. McKee & Co., 
Cleveland. He was previously connected with the 
Algoma Steel Corp., Ltd., Sault Ste Marie, Ont. as tech- 
nical assistant superinte nde ent, blast furnaces 


Jack L. Fehrenbach is now chief metallurgist, Indian- 
apolis Drop Forging Co., Indianapolis. 


Howland S. Brewer has been made public works engi- 

neer, Che atham Annex (Naval Supply Center—Nor- 

folk), Williamsburg, Va 

Kingsbury is now vice-president, Reserve 
Cleveland. He was formerly associated 

Middletown, Ohio 


Chester L. 
Mining Co., 
with the Armco Steel Corp., 


Robert G. P. Anderson has joined the Hyster Co., Port- 
land, Ore. as metallurgist. He had been employed by 
the Caterpillar Tractor Co. 

S. Lucas Moussoulos is now located at Place Metropole 
No. 1, Athens, Greece, c/o Societe Helleniques des 
Produits et Engrais Chimiques. 

John C. Johnston has joined the U. S. Smelting, Re- 
fining & Mining Co., Fairbanks, Alaska, as superin- 
tendent. 


H. F. JAMES 


American Smelting & Refining Co., Newark, 


WILLIAM E. MAHIN 


William E. Mahin, director of research at Armour Re- 
search Foundation of Illinois Institute of Technology, 
has been named director of the metallurgical projects 
div. of a new metallurgical advisory board of the Na- 
tional Research Council. 


H. F. James has joined the Harvey Machine Co., Inc., 
Torrance, Calif. as metallurgical engineer and is work- 
ing on aluminum production 

Sam S. Coldren has returned to the United States and 
is now located at Laguna Beach, Calif. He had been 
employed by the Misamis Chromite Co., Oriental, P. I. 


Ben David Roberts, formerly ore buyer, has been made 
assistant manager, El Paso smelting works, American 
Smelting & Refining Co. 


Frank W. Davis is now metallurgical engineer for the 
U. S. Atomic Energy Commission, Washington, D. C. 


George M. Loftus has joined the Asbestos Engineering 
& Supply Co., Phoenix, Ariz 


Harold W. B. Baker, Jr., metallurgical engineer, is now 
self-employed and is working on geological surveys in 
Greenville, S. C. 


Arthur C. J. Burningham has been made managing 
director, Durham Chemicals Australia Pty. Ltd., Mel- 
bourne. He had been deputy managing director for the 
same firm 


W. M. Fitzsimmons, metallurgist, is now employed by 
the American Cyanamid Co., Stamford in the labora- 
tories. He was formerly associated with the South 
American Development Co., Guayquil, Ecuador. 


Frank Finch has joined the Union Carbide & Carbor 
Corp., electromet dév., Uravan, Coio. 


Richara A. Wilde has resigned his position of plant 
metallurgist at the Vandergrift plant of United Engi- 
neering & Foundry Co., Vandergrift, Pa. He has ac- 
cepted the position of assistant director of research 
with Lukens Steel Co., Coatesville, Pa 


Walston Chubb, Jr. is now research metallurgist for 
Battelle Memorial Institute, Columbus, engaged in in- 
dustrial research. 


Paul Gordon has been made assistant professor, Insti- 
tute for the Study of Metals, University of Chicago. 
He had been assistant professor at the Illinois Institute 
of Technology, Chicago 
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Obitua ries 


Robert C. Stanley (Member 1902), chairman of Inter ilso held directorships for various concerns both here 
national Nickel C« lied on Feb. 12 of a heart attack ind abroad 

Mr. Stank is born in Little Falls, N. J. on Aug. 1 

1876. He attended Stever Institute of Technology N. D. Levin (Member 1920) died on Nov. 26, 1950. Born 
vhere he received a mechanical engineering degree in in Sweden on May 29, 1867, he graduated from the 
1899. He was granted a degree of mining engineer at Orebro Technical School in 1887. He came to the United 
Columbia School of Mine n New York in 1901. Fol States and in 1889 became associated with the Good- 
l g } graduation from Columbia he was en man Mfg. Co., Chicago. He had charge of all designing 
ploved by the S. S. White Dental Co., Philadelphia, to during the last ten vears he was associated with them 
nvestigate platinum placer sands in British Columbia In 1908 he joined the Jeffrey Mfg. Co., Columbus as 
When he returned he assaved the samples at the pre chief engineer in the mining dept. At the time of his 
ious metals refinerv maintained bv Orford Copper Co death he was employed by this firm 


Bavonne, N. J. Early in 1902 the International Nickel . 

Co. was formed with the Orford Copper Co. and the Trygve D. Yensen (Member 1920) has died. Mr. Yensen 
American Nickel Co. Mr. Stanley was made assistant was born at Drammen, Norway in 1884. He attended 
school in Europe and later came to the United States 
In 1907 he graduated from the University of Illinois 
with the degree of B.S. He was an instructor in ele« 
trical engineering at the University for one vear and 
in 1909 joined the Shawinigan Water & Power Co., 
Montreal. He returned to the University and became 
first assistant at the engineering experiment station 
In 1916 he joined Westinghouse Electric & Mfg. Co., E 
Pittsburgh as research metallurgist. He remained with 


iperintendent of the Camder N. J. plant of 
American Nickel Co. and ibsequently became super 
ntendent. In 1904 he was transferred to Bavonne as 


this firm and in 1927 became research engineer in the 
research lab. At the time of his death he was residing 
in Pittsburgh 


J. P. Leemans (Member 1925) died on Jan. 13, 1951 
Mr. Leemans was born at Malines, Belgium on Mar. 7. 
1877. He attended the University of Louvain in 1901 
and graduated with the degree of mining engineer. He 
was associated with various industrial societies during 
his career as vice president and administrator, working 
on both mining and metallurgical problems. He was 
consulting engineer and administrator for the Societe 
Generale Metallurgique de Hoboken, Hoboken, Ant- 
werp, Belgium, at the time of his death 


ROSERT C. STANLEY William George Polisson (Member 1935) died on De« 


12, 1950. Mr. Polisson was born in Greece in 1904. He 


‘ tant general superintendent of the Orford Copper came to the United States and in 1928 graduated from 
Co. and in 1912 he a eneral superintendent. Under the Colorado School of Mines and in 1930 from the 
} lirection dur World War I tl plant was su University of Utah. Following graduation he was em 

‘ il i ibstantiall tepping up its production to ployed as a flotation and ball mill operator for Inspira 

eet wartime de ind In 1917 he was elected a tion Consolidated Copper Co., Inspiration, Ariz. He was 
director, and in 1918. vice-pre lent in charge of all later a fellow at the University of Utah working on 
operations of International Nickel and moved to the metallurgical research and teaching metallography 
executive rttice n New York. M Stanley became and heat treating of steel. In 1933 he was emploved by 
president in 1922 and one of } nitial efforts at that the American Smelting & Refining Co., Perth Amboy. 
time as the ition of le lopment and researct N. J. He remained with them for several vears and in 


div. He assumed the cha inship of the company’s 1937 went to Orova, Peru for the Cerro de Pasco Cop 
7. On Feb. 7, 1949 he relin per Corp. In 1941 he returned to the United States and 
residing at Hartford, Conn. where he was 


quished the presiden remainir chairman of the in 1948 w 


at the 


I Fred H. Loftus, President of Loftus Engineering Corp., 
previou rd ir and its subsidiarie Pittsburgh, died Feb. 10, 1950 
oasting matte. In 1905 he discovered monel and in Prior to forming Loftus Engineering Corp., Mr. Loftus 


1906 wa n charge f the first production of th metal is associated with the Open Hearth Steel Furnace 
! lirect vastir ind reduction of selected ore to Co., Chicago, and the Vulcan Furnace and Equipment 
ike th nickel-copper all n a continuous process Co., Pittsburg} A graduate of Iowa University, he 


erved as a lieutenant in the Air Forces during World 


Date Date of 
Elected Name Death 


1951 
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He lat ed process for nel eee \ 
fining. He was the recipient of numerous honors and War I p 
NECROLOGY 
LA Ja 13. 1951 
: 1920 N. D. Levin Nov. 26, 19506 ; 
93 W.G. Polisson Dec 12, 1950 
1902 Robert C. Stanley Feb. 12. 195] 
1920 Trvgve D. Yensen Unknown Ris 


Coming Events 


AIME., Mex Apr. 30-May 4, Materials Handling Exposi- June 18-22, ASTM, an: 

Mexico Cit) tien, Inte atic A theatre, Cl t N. J 

Apr. 30-May 11, British Industries Fair Sept. 16- Chemical 
Mellon Institute / wiur B 

burgh astrial gt i 


American Institute of 
nd Engineers ' eeting Sheraton 
Le 


ic Hote Roche 

2-4, AIME, Open Hearth an« a r 
Coke Oven and KR 
and Stee 


ster, N. ¥ 
Raw ¥ iale May 7, AIME, Florida Section, Lakeland, Fla Sept. 25-28, ASME meeting, Radissor 
er Ho Hote neapolis 
May 7, AIME, Pittsburgh Section, Institute of 
Metais, Melion Institute Auditorium, Pitts Oct. 1-4, Assn. of Iron & Steel Engineers, 
nnual convention, Hotel Sherman, Chicago 
7 AIME. Mexico Sectior Oct. 3-5, AIME, petroleum branch, fall meet 
Apr. %. Seciety for Applied Spectroscopy, 6 » Mexico City ng, Oklahoma City 
pr dinne osca 8 pr meeting 
svete ; ‘ New York Greater New York Industrial Shew 2 3 Apparatus Makers Assn 
ment Arr rv. New York nid-year Recorder-Controller See 
ls, New 


Country Club, Ab sec« N. J 


Safety Convention and Expesition fist 
and Governor Clinton Hote 


May 9-11. Engineering Institute of Canada 

i meet Mount R il Hote Mo Oct. 11-12, AIME, Fuels Conference, Roanoke 
otel, Roanoke, V 
Midwest Power Conference, Sher- H 

in Hote “hicago 


Va 


May 18-16. American Institute of Chemical Oct. 15-17. AIME 
tt, AIME, Chicago Engineers regio eeting, Hotel Muehle f meeting, De 
29S. 1 t Kansas Cits 


Institute of Metals Div 
roit-I i Hotel, Detroit 


Oct. 15-19, National Metal Congress & Expo- 
sition, Detroit 
American Zine Institute, anr 
tatle St ouis Oct rrican Mining Congress, Mets 
c Min Convention, Blt 
Scientific Apparatus Makers Los 
Assn., annual meeting, Greenbrier, Whit net 
Sulphur Springs, W. Va 75-26 — I os Angeles Section, fall 
May nerican Society for Quality 
Apr. 16-18 American Society of Lubrication Control ymivent I ‘ “leve oO 
Engineers, Bellevue-Stratford Hotel, Phila d, Cleve d b-Nev. 3. AIME, fall ecting. Mexico 
delphia 
June tt-tt 
\pr American Foundrymen’s Secie Slinois 
convention, Buffalo, N. Y Hote 


Armour Kesearch Foundation of Nev ASME snnual meeting. Chal 

Institute of Technology, Sherator fonte iddon Hall Hotel, Atlantic Cits 

hicagc 

Metal Powder Assn., Chemical 

ng. Hotel Cleveland, ( r meeting, Chalfonte-Had- 
At t City 


Dec. %-5, American Institute of 
levelanc tune ASME, sen 1 Engineers, 
Re Toront H 


do 
Apr. 30-May 1. Assn Engi- 


neers prir 
Detroit 


of Iron & Steel 
conference, Hotel St Conference on Industrial Re- E, Electric Furnace 
b University, New 


Penn Hotel, Pittsburgh 


Conference, 


A. E. ANDERSON CONSTRUCTION CORPORATION 


\ 


Fire Brick Construction 


1720 Military Road P.O.Station B, Box 36 Buffalo, N.Y. 


Telephone: Delaware 4131 
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New York 
Bayside—Kalish, Herbert S. (M c S—J-M 


p roposed for Menhenhio 
Metals Branch AIME nay 


11ME shit J Te Pennsylvania 
‘ Re ‘ Peppers, Robert E J 
B Batte Andrew C J Cc S—S-J 


Tennessee 
‘ 
Oo Ridge 


Texas 
E! Pas 


S I e cit Rosenblatt, Morris S \ 


Washington 
P Pess!, Hubert J. (M 


Argentina 
Bue 4 


Nustralia 
Broken H White, Charles Campbell ‘J c S—S-J) 
Vict Carne, Ian H M 


Brazil 
Shert Olee D J And Marcondes, Murilo DeO. (M 

Robert Harry W., Jt J R. S—S-J Sao Castro, Alberto P. 

N H Burkart, Edward H M 


California 


Wotherspoon, James (J Younger, Fraser K. (J) 
Quebec—d' Aragon, Bernard (M Cc S—J-M Walling, Frank E 


M 
Colorado Rossland—Bayley, Arthur D-C. (M 


Yoshizaki, Kozo 


Cennecticut 
Idaho 


Illinois 


| KAISER 


D i, Charles C 


ALUMINUM & CHEMICAL 
CORPORATION 


Rapid expansion has created excellent oppor- 
—_ tunities in the fields of chemical, electro- 
, 1). Outten, Burnet, Jr. (Mf). Siegrist chemical, and metallurgical engineering. No 
experience is necessary; however, it is pre- 
ferred that the candidate be 24 to 28 years 
of age with a B.S. degree in above-mentioned 
fields and is willing to move as further oppor- 
tunities develop. Salary is open. Training is to 
METALLIC be in the state of Washington with possible 
SINGLE CRYSTALS move to Louisiana upon its completion. 


Michigan 


Misseuri 


New Jersey 
tH 


Single crystals of a variety of metals and alloys are now Opportunities for more advanced positions are 
available in both standard rod form and special shapes available for men with advanced degrees in 
Orientation information, as well as crystals grown with above-mentioned fieids or graduate engineers 


specific orientation, can be supplied 
with some experience in aluminum reduction. 


We will be glad to answer your request for information on 
prices, specifications, delivery schedules, and special prob- Reply giving full details of educational back- 
lems in this fied. ground and experience to 
HORIZONS INCORPORATED . 
Frank H. Wickhorst 
90 Nassau St 2891 E. 79th St. 


Princeton, N. J Cleveland 4, Ohio 1924 Broadway Oakland, California 
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ger A. (J) (C/S—S-J 
n P. (J) (C/S—S-J 
4 
art, J. H. 
K F J 
McKeesport-—-McDonough, William G M + 
ADMISSIONS COMMITTEE Palmerton—Smith, William H. (J 
; R. D Lewis, Jack R. J R.C S—-S-J 
K. W H P. H I 
) es. I A A 1 1K 
D the ‘ The 
‘ Me ‘ AM. Ass te Membe 
s— Welter, Jules J. 
: P lartin, Jay J. (M Japan 
T —— 
Wilton, Joseph W. ‘J c Mexico 
San Potosi—Dempsey, John P. (A) (C/S—S-A) 
Baker, Douglas ‘J c S—Ss-J 
4 
| 


MH. 200 COOLS 
AWOIST 50 000. 8s 


o” span Charger. 


Morgan equipment is built to last a long 


time as Morgan engineers rely upon a 


highly skilled shop organization, mod- THE MORGAN 

ENGINEERING CO. 
ALLIANCE, OHIO 

building Morgan steel mill machinery. ee 


ern equipment, and progressive ideas in 


DESIGNERS > MANUFACTURERS * CONTRACTORS + BLOOMING MILLS * PLATE MILLS + STRUCTURAL MILLS © ELECTRIC 


TRAVELING CRANES * CHARGING MACHINES © INGOT STRIPPING MACHINES * SOAKING PIT CRANES «© ELECTRIC WELDED FABRI- 


CATION ¢ LADLE CRANES ¢ STEAM HAMMERS © STEAM HYDRAULIC FORGING PRESSES « SPECIAL MACHINERY FOR STEEL MILLS 


Mlustrated is a 100-ton, 80'- 
: : 


ELECTRO’S.... 


ENGINEERING DEVELOPMENTS OFFER 
STEEL PLANT ECONOMIES 


The research, engineering and manufacturing facilities of Electro are constantly 
devoted to the development and fabrication of products which offer dependable 
service at minimum cost to the user. Examples are 


Electro SS Stopper Heads 
1 Show no spalling or thermal shock cracks which are potential leakage points. 
Offer economies due to cleaner shut-offs insuring cleaner ingots. 


Wear less because of high abrasion resistance. 


2 
3 
4 Do not stick to the nozzle as the bond has a high softening point. 
5 Have proportioned thermal conductivity. 

6 


Are dependable since uniformity is achieved by careful control of materials 
and methods 


Electrocarb 9OC for Steel Deoxidation 


] Offers economies when used as an equivalent or partial replacement for other 
common deoxidizers. 


2 Offers better quality due to deoxidation with freedom from inclusions. 

3 Offers a convenient, easy to use deoxidizer. 
echnical Bulletins are available or we will be pleased to have a representative 
call at your request to offer you further data on either of the above 


ELECTRO REFRACTORIES 
& 
ABRASIVES CORPORATION 


BUFFALO 2, NEW YORK 
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OGLEBAY 
NORTON 


Raw Materials For 
The Metallurgical 


& Ceramic Industries 


Lake Transportation 


Docks — Coal 


1200 Hanna Building Cleveland 15, Ohio 
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“Mr. Bell, | heard every word you said 


Graham Bell (left) 


Z 


ike today's telephe me, Alexan ler 
Grah was a product 
of rese ache For vears Bell had 


been investigating speech and hearing, 


several 


apparatus for 
intelli 


and devising methods and 
the electrical commu 
gence. No one had 


sounds electrically b 


ication of 
transmitted speech 
it Bell saw that it 
given the proper 


must be possible 


instruments 


One day, 


his harmonic 


while 


telegr 


experimenting with 
Bell's alert ear 


caught an unexpected sound in the re- 


BELL TELEPHONE LABORATORIES 


in Teleph 


Exploring and Inventing Devising and Perfecting, for Continued | 
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ceiver. His trained mind told him that 
here at last proof that sound 
waves could travel as their facsimile in 
electric waves. Then followed a year of 
development, and in 1876, as shown 
transmitted the first intelli 


was the 


above, he 
gible speech by telephone 
During the next three quarters of a 
century, which 
Bell started has grown and expanded to 
. often 
fields 


the telephone research 
Serve your telephone system 

fruitfully overflowing 
of electrical communication. In today’s 


into other 


distinctly!” Thus, on March 10, 
learned that his invention had transmitted the first intelligible speech. 


1876, Alexander 


\ 


Bell Telephone Laboratories, promising 
ideas find the right skills to bring them 
to life. Through skilled manufacturing 
by Western Electric Company and 
skilled operation by the telephone com- 
pany they are brought to the service 
of the telephone user. 

The high quality of your telephone 
today, its fine, swift service at reason- 
able cost, are the products of work in 
the telephone laboratories in the past. 
The greater value you may expect in 
the future is taking form there already. 


Pp’ ts and Ec Service 


| 
- ‘ 
ig 
4 
: 


STOKES 


“Stokes Microvac Pumps 
for High Vacuum”, now a standard 
reference work on High Vacuum, 


“ 

: 
J {| 

4 


Stokes Microvac Pumps 
are known for their low power 
consumption... high méchanical 
and volumetric efficiency. 


Long trouble-free service can be expected from Stokes 
Microvac Pumps, perfected during more than 40 years of practical 
experience in the development of complete vacuum processing systems. 


The four simple moving parts are easily accessible. All parts are 
precision-finished, standard, and interchangeable. Lubrication is fully 
automatic to all friction surfaces. 


The large full-opening exhaust valve of corrosion-resistant Tefion is 
highly sensitive to pressure differential... exhausts air completely at each 
stroke without re-expansion. 


An Oil Clarifier and a Devaporizer are available for continuous purification of 
lubricating oil when dirt and solvent vapors are present. 


Stokes Microvac Pumps, air-cooled in the small sizes and water-cooled 
in five larger sizes, range in capacity from 15 to 500 cfm. 


Stokes is the only manufacturer of equipment for complete vacuum systems, including 
Microvac mechanical pumps, oil diffusion pumps, McLeod Gages and Valves. 


Consult with Stokes on the application of vacuum to 
vacuum sintering, melting, de- 
gassing, heat treating, inert gas 
purging, vacuum metalliz- 
ing, and to other applica- 
tions in which vacuum 
deserves exploration. 


STOKES 


Specis! Machinery 


F.J. STOKES MACHINE COMPANY, 5916 TABOR ROAD, 


; 
4 
: 
‘Send for Catalog 700, 
schematics, typical problems, 
conversion 
‘ , 
s 
MAKES 
‘ 
and Powder Metal Presses, 
High Vacuum Pumps and Geges, a 
3 


Aur Recirculating Furnaces 


Butt Weld Furnaces 7 Youthful leadership 


Car Bottom Furnaces 


long experience 


\ Circular Soaking Pits 


Clam Shell Buckets The recent merger of Edgar E. Brosius Co., Inc. 


and Salem Engineering Company now offers 
\ Clay Guns the metals industry a keen new combination of 

a youthful leadership backed by long experience 


Coke Testing Tumbling Barrels in design and manufacture. Whether your 

needs include Circular Soaking Pits, Goggle 

tan) = Furnaces Valves, Forging Manipulators, Rotary Hearth 
: Furnaces, or a host of other furnaces and items 

of ferrous and non-ferrous mill equipment, you 
7 can call on this new combine with confidence. 
You can expect from Salem-Brosius, its Divi- 

sions and affiliates, greater depth of engineering 

skill to assist you in your expansion program. 


— 


Heat Treating Furnaces 
Needle Metallic Recuperators 
Rotary Hearth Furnaces 
Slag Granulating Mills 


i } Soaking Pit Cover Carriages 


« SALEM-BROSIUS, 


Affiliates: Brosius Division, Pittsburgh 15, Pa.; Salem Engineering Division, Salem, Ohio; 
Salem Engineering Co., Ltd., Milford ar. Derby, England; Salem Engineering (Canada) Ltd.. Toronto, Camada 
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4 
7 
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